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Foreword

1:2016(E)

ISO (the International Organization for Standardization) is a worldwide federation of national
standards bodies (ISO member bodies). The work of preparing International Standards is normally
carried out through ISO technical committees. Each member body interested in a subject for which a
technical committee has been established has the right to be represented on that

ommittee.

Intd
the

rnational organizations, governmental and non-governmental, in liaison with ISO, also-
work. ISO collaborates closely with the International Electrotechnical Commissien (

mafters of electrotechnical standardization.

The
des
diffi

procedures used to develop this document and those intended for its fusther maint
Cribed in the ISO/IEC Directives, Part 1. In particular the different approval criteria nee
erent types of ISO documents should be noted. This document was drafted in accordan

edifjorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Atte
pat
anyl

ntion is drawn to the possibility that some of the elements of this document may be th¢
ent rights. ISO shall not be held responsible for identifying-any or all such patent rights

on the ISO list of patent declarations received (see www.iso.erg/patents).

Any
con

For
ass{
Bar

The
petn

Thif

ISO
sped

trade name used in this document is informatien‘given for the convenience of users ar
stitute an endorsement.

an explanation on the meaning of ISO-specific terms and expressions related to
bssment, as well as information about:ISO's adherence to the WTO principles in the
riers to Trade (TBT) see the following'URL: Foreword - Supplementary information

committee responsible for this,document is ISO/TC 67, Materials, equipment and offshore s
pleum, petrochemical and natural gas industries, Subcommittee SC 7, Offshore structures.

second edition cancels.and-replaces the first edition (ISO 19905-1:2012), which has been technic3

19905 consists of-thé following parts, under the general title Petroleum and natural gas indus
ific assessment af mobile offshore units:

Part 1: Jack-ups

Part 27 Jack-ups commentary and detailed sample calculation [Technical Report]

ake part in
EC) on all

bnance are
ded for the
ce with the

 subject of
Details of

patent rights identified during the development of the dociment will be in the Introduction and/or

d does not

conformity
Technical

ructures for

lly revised.

[ries — Site-

The

Frmrl] . 1 .
TUNIOWIIG PdI'ts AT UllUCTT propdal datiull.

Part 3: Floating units

ISO 19905 is one of a series of International Standards for offshore structures. The full series comprises the
following:

ISO 19900, Petroleum and natural gas industries — General requirements for offshore structures

ISO 19901 (all parts), Petroleum and natural gas industries — Specific requirements for offshore structures
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— IS0 19902, Petroleum and natural gas industries — Fixed steel offshore structures
— IS0 19903, Petroleum and natural gas industries — Fixed concrete offshore structures

— IS0 19904-1, Petroleum and natural gas industries — Floating offshore structures — Part 1: Monohulls, semi-
submersibles and spars

— ISO/TR 19905-2, Petroleum and natural gas industries — Site-specific assessment of mobile offshore units —
Part 2: Jack-ups commentary and detailed sample calculation

—  ISO 19905-3—Petroletn-ard-ratural-aas-industries Sita.cnocific accoccymont of paohilo offchoyo 1nifc Rart 3:
p T CtFOTEHR-GHRG-RAtHF e =6 .

A~y A3 2 ey oottt teS DTeC-O P CC T oo CoSTITETIC O oo C- O oTtoTCorttes

Floating units

— 1S0 19906, Petroleum and natural gas industries — Arctic offshore structures
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Introduction

1:2016(E)

The series of International Standards applicable to types of offshore structure, ISO 19900 to ISO 19906, addresses
design requirements and assessments for all offshore structures used by the petroleum and natural gas industries
worldwide. Through their application, the intention is to achieve reliability levels appropriate for manned and
unmanned offshore structures, whatever the type of structure and the nature or combination of the materials

used.

It i
acti
and
assq
The
offs

The
latit]

engineering judgement is therefore necessary in the use of these International Standards.

This
(SNJ
site

NOT]
evad
met
the i

Site
The
her¢
orig
and

The
asse
the
to k
can
that

Ann

important to recognize that structural integrity is an overall concept comprising models fo
ns, structural analyses, design or assessment rules, safety elements, workmanship, quality contro
national requirements, all of which are mutually dependent. The modification of{orie aspect
ssment in isolation can disturb the balance of reliability inherent in the overall cencept or struct
implications involved in modifications, therefore, need to be considered in relation’to the overall
hore structural systems.

series of International Standards applicable to types of offshore strueture is intended to pro
ude in the choice of structural configurations, materials and techniques, without hindering innov

part of ISO 19905, which has been developed from the Society of Naval Architects and Marin

- describing
procedures
f design or
ral system.
reliability of

vide a wide
htion. Sound

e Engineers

AME) Technical & Research Bulletin 5-5A (2002), states the general principles and basic requirenjents for the

specific assessment of mobile jack-ups; it is intended tode used for assessment and not for design

E For the exposure level 1(L1) assessment and, where appropriate, the exposure level 2 (L2) assess
uation being effected, this part of ISO 19905 requires the use of 50 year independent or 100 year joif
cean extremes, together with associated partial action factors. It is based on extensive benchmarking and bg
hternational community.

specific assessment is normally carried out when an existing jack-up unit is to be installed at a
assessment is not intended to provide a full evaluation of the jack-up; it assumes that aspects ng
in have been addressed using\other practices and standards at the design stage. In some in|
inal design of all or part of thé)structure could be in accordance with other standards in the ISO 1
in some cases, different practices or standards could have been applied.

purpose of the site‘aSsessment is to demonstrate the adequacy of the jack-up and its found
ssment situations'and defined limit states, taking into account the consequences of failure. It is i
results of a site-specific assessment be appropriately recorded and communicated to those persd
how or act on-the conclusions and recommendations. Alternative approaches to the site-specifig
be used,.provided that they have been shown to give a level of structural reliability equivalent, or
implicitin this part of ISO 19905.

nent prior to
t probability
st practice in

Epecific site.
t addressed
stances, the
0900 series,

atfions for the
ortant that

ns required
assessment
superior, to

exA provides background to and guidance on the use of this part of ISO 19905. The clause n

imbering in

Annex A is the same as in the normative text in order to facilitate cross-referencing. ISO/TR 19905-2 provides
additional background to some clauses and a detailed sample 'go-by’' calculation.

Ann

ex B summarizes the partial factors. Supplementary information is presented in Annexes C to H.

To meet certain needs of industry for linking software to specific elements in this part of ISO 19905, a special
numbering system has been permitted for figures, tables, formulae and bibliographic references.

In International Standards, the following verbal forms are used:

© ISO 2016 - All rights reserved
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— “shall” and “shall not” are used to indicate requirements strictly to be followed in order to conform to the
document and from which no deviation is permitted;

— “should” and “should not” are used to indicate that, among several possibilities, one is recommended as
particularly suitable, without mentioning or excluding others, or that a certain course of action is preferred
but not necessarily required, or that (in the negative form) a certain possibility or course of action is
deprecated but not prohibited;

— “may” is used to indicate a course of action permissible within the limits of the document;

—  “can” apd“cannot’areused-forstatements-ofpossibility and capability whether material phvsical orcausal
) o > el PRy .
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INTERNATIONAL STANDARD

ISO 19905-

1:2016(E)

Petroleum and natural gas industries — Site-specific assessment

of

mobile offshore units — Part 1: Jack-ups

1

This
jack

a)
b)

To

used in its entirety for the site-specific assessment of a jack-up.

This
sea
the
mar

This
site,
con

To
ISO

NOT
give

Jack

Scope

part of ISO 19905 specifies requirements and guidance for the site-specific assessment of inde
Lup units for use in the petroleum and natural gas industries. It addresses:

manned non-evacuated, manned evacuated and unmanned jack-ups;
the installed phase at a specific site.

nsure acceptable reliability, the provisions of this part of ISO 19905 form an integrated approa

ce and icebergs. When assessing a jack-up operating in such)areas, it is intended that the assessor
provisions of this part of ISO 19905 with the provisions relating to ice actions and proced
agement contained in ISO 19906.

part of ISO 19905 does not address design, transportation to and from site, or installation and r¢
However, it is advisable that the assumptions used in the assessment be checked against the

iguration.

ensure that the design of the jack-up' is sound and the structure is adequately maintained,
19905 is applicable only to independent leg jack-ups that either:

hold a valid classification.seciety certification from a recognized classification society (RCS) thrj
duration of the operation ‘at'the specific site subject to assessment; or

have been verified\by an independent competent body to be structurally fit for purpose
situations and ate subject to periodic inspection, both to the standards of an RCS.

E 1 An R(CSis an International Association of Classification Societies (IACS) member body, meeting the |
1in 3.52.

Fupshthat do not comply with this requirement are assessed according to the provisions of

pendent leg

ich, which is

part of ISO 19905 does not apply specifically to mobile offshore drilling units operating in regiofs subject to

supplement
ires for ice

moval from
as-installed

this part of

bughout the

or elevated

LCS definition

ISO 19902,

lemented by methodologies from this part of ISO 19905, where applicable

sup

NOT

NOT

E2 Future revisions of this part of ISO 19905 can be expanded to cover mat-supported jack-ups.

E3 Well conductors are a safety-critical element for jack-up operations. However, the integrity of well

conductors is

not part of the site-specific assessment process for jack-ups and is, therefore, not addressed in this part of ISO 19905. Annex A
provides references to other publications addressing this topic.

NOT

E 4 RCS rules and the IMO MODU code provide guidance for the design of jack-ups.

© ISO 2016 - All rights reserved


https://standardsiso.com/api/?name=8527c9f5bb05f1c49fb3d22fe0c1b5c3

ISO 19905

-1:2016(E)

2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and are indispensable
for its application. For dated references, only the edition cited applies. For undated references, the latest edition of

the referenc

ed document (including any amendments) applies.

ISO 19900, Petroleum and natural gas industries — General requirements for offshore structures

IS0 19901-1:2015, Petroleum and natural gas industries — Specific requirements for offshore structures — Part 1:
Metocean design and operating conditions’

ISO 19901-3
design procq

ISO 19902,

3 Term

For the pur
1SO 19902, :

NOTE q

3.1
abnormal

wave crest y

3.2
accidental
exceptional

EXAMPLES

3.3
action
external loa

EXAMPLE
moisture var

Note 1 to ent

[SOURCE: I§

3.4
assessmen{
site-specifi
evaluation

dures and criteria

Petroleum and natural gas industries — Fixed steel offshore structures

5 and definitions

pboses of this document, the terms and definitions given in ISO 19900, ISO 19901-1, ISO 19901-2
nd the following apply.

ther terms and definitions relevant for the use of this part of ISO 19905 are found in ISO 19901-4 and ISO 19

yave crest
vith probability of typically 10~3 to 10~% per annum

situation
situation of the structure

Impact, fire, explosion, local failure, loss of intended differential pressure (e.g. buoyancy).

 applied to the structure (directaction) or an imposed deformation or acceleration (indirect actio

An imposed deformatiofi ,ean be caused by fabrication tolerances, settlement, temperature chang
ation.

y: An earthquake typically generates imposed accelerations.

0 19900:20135,3.3]

C asSessment

and

D06.

or

t or

f“the stability and structural integrity of a jack-up and, where applicable, its seabed restrain

support aga

inst the actions determined in accordance with the requirements of this part of ISO 19905

Note 1 to entry: An assessment can be limited to an evaluation of the components or members of the structure which, when

removed or d

amaged, could cause failure of the whole structure, or a significant part of it.

1 To be published. Replaces ISO 19901-1:2005.

© 1SO 2016 - All rights reserved
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assessment situation
jack-up configuration together with the environmental loading to be assessed

Note 1 to entry: For discussion on configuration, see 5.4.1.

Note 2 to entry: The assessment situations are checked against the acceptance criteria of this part of ISO 19905 to demonstrate

that
3.6

the relevant limit states are not exceeded.

assessor

enti

3.7
bac

ty performing the site-specific assessment

kfill

submnerged weight of all of the soil that can be present on top of the spudcan

Notq 1 to entry: Backfilling can occur during or after preloading. Wy ; refers to the submergedweight of the b
occurs up to achieving the preload reaction. Wy, refers to the submerged weight of the backfilling that oc

max

mum preload has been applied and held. Both Wy, and Wy, can comprise backflow and/or infill. For dis

effedts, see A.9.3.2.1.4.

3.8

backflow

soil

that flows from beneath the spudcan around the sides and onto-the'top

Notd 1 to entry: Backflow is part of backfill (3.7).

3.9
bas
one

cvariable
of a specified set of variables representing physical quantities which characterize actions, en

inflyences, geometrical quantities, or material properties including soil properties

[SOURCE: ISO 19900:2013, 3.7]

31
bo
acti

dary conditions

structural components or by thelenvironment surrounding it

Notq 1 to entry: Boundary‘conditions can be used to generate reaction forces at locations of restraint.

[SOT

3.11

cha

JRCE: ISO 19902:2007, 3.6]

rt datum

hckfilling that
urs after the
ussion of the

vironmental

ns and constraints on a (section of a) structural component (or a group of structural components) by other

locar datum used to fix water depths on a chart or tidal heights over an area

Note 1 to entry: Chart datum is usually an approximation to the level of the lowest astronomical tide.

[SOURCE: ISO 19901-1:2015, 3.2]

3.12

consequence category
classification system for identifying the environmental, economic and indirect personnel safety consequences of
failure of a jack-up

© ISO 2016 - All rights reserved
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Note 1 to entry:Categories for environmental and economic consequences are the following (see 5.3.3):

C1: high

[SOURCE: IS

3.13

environmental or economic consequence;

C2: medium environmental or economic consequence;

C3:low environmental or economic consequence.

019902:2007, definition 3.11, modified]

critical component

structural Cnmpnnnnf' failure of which could cause failure of the whaole structure-ora cuon'nﬁr*nnf par‘r ofit

Note 1 to ent
[SOURCE: IS

3.14
dynamic an
DAF

ratio of a dy

Note 1 to ent
loadset. It is 4

Note 2 to ent
(SDOF) calcu
correspondin
behaviour.

Note 3 to ent
this case, it if
static action 4

[SOURCE: IS

3.15
determinis
analysis in

3.16
exposure lg
classificatio

environmerjtal and economic onsequences of failure

Note 1 to ent

[SOURCE: I§

y: A critical component is part of the primary structure.

0 19902:2007, 3.12]

hplification factor

hamic action effect to the corresponding static action effect

y:For a jack-up, the dynamic action effect is best simulated by means of a Concentrated or distributed ing
sually not appropriate to factor the static actions to simulate the effects of\dynamic actions.

y:The DAF excluding the mean values, Kp,rspop Can typically be obtained from a single degree-of-freg

ation. In this case, it is defined as the ratio of the amplitude of a.dynamic action effect to the amplitude o]
o static action effect for periodic excitation of a linear one degree-of-freedom model approximation of jad

y:The DAF including the mean values, K4 p4npowr can-typically be obtained from a random wave calculatig
defined as the ratio of the absolute value of a dynamii¢ action effect to the absolute value of the correspon
ffect, each including their mean value.

0 19902:2007, definition 3.16, modified]

fic analysis
Vhich the response is determined from a single combination of actions

vel
h system used to_define the requirements for a structure based on consideration of life-safety an

y: An expaesure level 1 (L1) jack-up is the most critical and exposure level 3 (L3) the least (see 5.5).

0 19902:2007, definition 3.18, modified]

rtial

dom
f the
k-up

n. In
ding

d of

3.17

extreme storm event
extreme combination of wind, wave and current conditions to which the structure can be subjected during its

deployment

Note 1 to entry: This is the metocean event used for ULS storm assessment (see 5.5.4 and 6.4).

3.18
fixed load

permanent parts of the jack-up, including hull, legs and spudcans, outfit, stationary and moveable-fixed equipment

© 1SO 2016 - All rights reserved
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Note 1 to entry: Moveable-fixed equipment normally includes the drilling package structure and associated permanently
attached equipment.

3.19
footprint
sea floor depression which remains when a jack-up is removed from a site

3.20
foundation
soil and spudcan supporting a jack-up leg

3.2
foundation fixity
rotational restraint offered by the soil to the spudcan

3.2
foundation stability
abillty of the foundation to provide sufficient support to remain stable when subjectedto actions and [incremental
defdrmation

3.2
global analysis
detdgrmination of a consistent set of internal forces and moments, or strésses, in a structure that are infequilibrium
with a defined set of actions on the entire structure

Notg 1 to entry: When a global analysis is of a transient situation\(e.g. earthquake), the inertial response is part of the
equilibrium.

[SOURCE: ISO 19902:2007, definition 3.23, modified]

3.24
independent leg jack-up
jackrup unit with legs that can be raised and-lowered independently

3.2§
inertial loadset
set ¢f actions that approximates(the effect of the inertial forces

Notd 1 to entry: An inertial loddset is used only in quasi-static analyses.

3.26
infill
soil pbove the planarea of the spudcan arising from sediment transport or hole sidewall collapse

Notq 1 to entry: Infill is part of backfill (3.7).
3.27

intrinsic wave frequency
wave frequency of a periodic wave in a reference frame that is stationary with respect to the wave

Note 1 to entry: If there is no current, the reference frame is also stationary with respect to the sea floor. If there is a current,
the reference frame moves with the same speed and in the same direction as the current.

3.28

jack-up
mobile offshore unit with a buoyant hull and one or more legs that can be moved up and down relative to the hull

© ISO 2016 - All rights reserved 5
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Note 1 to entry:A jack-up reaches its operational mode by lowering the leg(s) to the seabed and then raising the hull to the
required elevation. The majority of jack-ups have three or more legs, each of which can be moved independently and which are
supported in the seabed by spudcans.

3.29

jack-up owner
representative of the companies owning or chartering the jack-up

3.30

joint probability metocean data
combinations of wind, wave and current that produce the action effect that can be expected to occur at a site, on

average, on

3.31
leaning ins
instability o

e In the return period

fability
f an independent leg jack-up that can arise when the rate of increase of actions on the/fgundation

jack-up inclination exceeds the rate of increase of foundation capacity with depth

3.32

life-safety ¢
classificatio
Note 1 to ent
S1: man

S2: man|

S3: unm

[SOURCE: I§

3.33
limit state

ategory

h system for identifying the applicable level of life-safety of personnel on ajack-up
y:Categories for life-safety are the following (see 5.5.2):

hed non-evacuated;

hed evacuated;

hnned.

0 19902:2007, definition 3.27, modified]

state beyongl which the structure no longer fulfils the,relevant assessment criteria

[SOURCE: I§

3.34

load case
compatible
permanent

[SOURCE: I§

3.35

0 19900:2013, definition 3.28, modified]

load arrangements,. sets of deformations and imperfections considered simultaneously
ctions and fixed variable actions for a particular design or verification

0 19902:2007,3:29]

long-term g¢peration

operation o

ajack*up on one particular site for more than the RCS special survey period

vith

vith

3.36

lowest astronomical tide

LAT

level of low tide when all harmonic components causing the tides are in phase

Note 1 to entry: The harmonic components are in phase approximately once every 19 years, but these conditions are

approached s

everal times each year.

[SOURCE: ISO 19901-1:2015, 3.17]
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3.37

mat-supported jack-up

jack-up unit with the leg(s) rigidly connected by a foundation structure, such that the leg(s) are raised and
lowered in unison

3.38
mean high water spring tidal level
arithmetic mean of all high water spring tidal sea levels measured over a long period, ideally 19 years

3.39
mean low water spring tidal level
arithmetic mean of all low water spring tidal sea levels measured over a long period, ideally 19 yeans

34

megn sea level

MS

arithmetic mean of all sea levels measured at hourly intervals over a long period, ideally; 19 years

Notq 1 to entry: Seasonal changes in mean level can be expected in some regions and over many years the mean| sea level can
charige.

[SOURCE: ISO 19901-1:2015, 3.20]

3.41
megn zero-upcrossing period
average intrinsic period of the zero-upcrossing waves in a sea state

Notq 1 to entry:In practice, the mean zero-crossing period is often'éstimated from the zeroth and second moments of the wave
spectrum as given by Formula (3.41-1):

T =T, = \/mo(f)/mz(f) - Zn\/mo(a))/mz(a}) (3.41-1)
whete

f  isthe frequency in cycles per second (hertz);

m,, is the zeroth spectral moment and is equivalent to 02, the variance of the corresponding time series;

m, is the second spectrial moment;

T,and T, are the dverage zero-crossing period of the water surface elevation, defined by the zeroth and second order
spectral moments, (T, = T,);

w  is the wave frequency in radians per second.

[SOURCE: 1SO 19901-1:2015, definition 3.22, modified]

3.42
most probable maximum extreme

MPME

value of the maximum of a variable with the highest probability of occurring over a defined period of time

Note 1 to entry: A defined period of time can be, for example, X hours.

Note 2 to entry: The most probable maximum extreme is the value for which the probability density function of the maxima of
the variable has its peak. It is also called the mode or modus of the statistical distribution.

[SOURCE: ISO 19901-1:2015, definition 3.24, modified]
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3.43

nominal strength

strength calculated for a cross-sectional area, taking into account the stress raising effects of the macro-
geometrical shape of the component of which the section forms a part, but disregarding the local stress raising
effects from the section shape and any weldment or other fixing detail

[SOURCE: ISO 19902:2007, definition 3.34, modified]

3.44
nominal stress
stress calculated in a sectional area, including the stress raising effects of the macro-geometrical shape of the

component [of which the section forms a part, but disregarding the local stress raising effects from the sedtion
shape and ahy weldment or other fixing detail

Note 1 to entfy: Overall elastic behaviour is assumed when calculating nominal stresses.

[SOURCE: IS0 19902:2007, definition 3.34]

3.45

operating manual

marine opgrations manual

manual that]defines the operational characteristics and capabilities of the jack-up

Note 1 to enfry: The assessor is advised to ensure that the operations manual referenced is the latest revision and thaf any
updated weight data are provided.

3.46

operator

representatjve of the companies leasing the site

Note 1 to entfy: The operator is normally the oil company acting.onbehalf of co-licensees.

3.47

preloading

installation [of the spudcans by vertical loading of the soil beneath a jack-up leg spudcan with the objectile of
ensuring sufficient foundation capacity under assessment situations through to the time when the maximum Joad
is applied arjd held

Note 1 to entfy: While three-legged jack-upspreload by taking water ballast on board, jack-ups with four or more legs typikally
achieve founglation preload by carrying-the hull weight on pairs of legs in turn. This procedure is known as pre-driving and
generally dog¢s not require the addition of water ballast. For the purposes of this part of ISO 19905, no distinction is hade
between prelpad and pre-drive:s

3.48

preload redction

maximum vprticalyeaction under a spudcan, V|, supporting the in-water weight of the jack-up during the entire
preloading ¢peration

Note 1 to entry: The in-water weight is the full weight of the hull, variable load and preload ballast, plus the legs and spudcans
and any contained water, reduced by the buoyancy in water of the legs and spudcans (calculated from their external
dimensions). Soil buoyancy and the weight of any soil backfill above the spudcan are neglected. It is necessary to take care
when accounting for water contained in the spudcan (in some cases this can be included in the quoted leg weight).

Note 2 to entry: This is the maximum reaction on a spudcan, V| ,, that would be obtained during preloading if the jack-up were
installed on an infinitely rigid foundation.

3.49

punch-through
rapid, uncontrolled vertical leg movement due to soil failure in strong soil overlying weak soil
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3.50

qua

si-static

static representation of a dynamic process

1:2016(E)

Note 1 to entry: In some cases, the influence of structural accelerations can be approximated by using an equivalent inertial

hd relevant
certification

pnents, thus

hore oil and
ction of the

behalf, and in

loadset.

3.51

rack phase difference

RPD

relative difference in the position of adjacent leg chords within a leg measured parallel to the longitudinal axis of
the thords

Notq 1 to entry: This is the out-of-plane distortion of the plan-frame.

3.52

recognized classification society

RCS

member of the international association of classification societies (IACS),. with recognized a
comppetence and experience in jack-ups, and with established rules and procedures for classification
of sfich installations used in petroleum-related activities

[SOURCE: ISO 19901-7:2005, definition 3.23, modified]

3.53

rediindancy

abiljty of a structure to find alternative load paths followingfailure of one or more non-critical comp
limifing the consequences of such failures

Notq 1 to entry: All structures having redundancy are stati€ally indeterminate.

[SOURCE: ISO 19902:2007, 3.39]

3.54

regylator

authority established by a national governmental administration to oversee the activities of the offs
natyral gas industries within_its jjurisdiction, with respect to the overall safety to life and prote
environment

Notq 1 to entry: The term regulator can encompass more than one agency in any particular territorial waters.
Notq 2 to entry: Theregulator can appoint other agencies, such as marine classification societies, to act on its
such| cases, the term regulator within this part of ISO 19905 includes such agencies.

Notg
extr.

3 to entry: Within this part of ISO 19905, the term regulator does not include any agency responsible for]
ct hydrocarbons, unless such agency also has responsibility for safety and environmental protection.

approvals to

[SO

RCET1SO 1990272007, definition 320, Todified]

3.55
representative value
value assigned to a basic variable for verification of a limit state

[SOURCE: ISO 19900:2013, 3.38]

3.56
return period
average period between occurrences of an event or of a particular value being exceeded
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Note 1 to entry: The offshore industry commonly uses a return period measured in years for environmental events. The return
period in years is equal to the reciprocal of the annual probability of exceedance of the event.

[SOURCE: IS

3.57

019901-1:2015, 3.28]

scatter diagram
joint probability of two or more (metocean) parameters

Note 1 to entry: A scatter diagram is especially used with wave parameters in the metocean context, see ISO 19901-1:2015,
A.5.8. The wave scatter diagram is commonly understood to be the probability of the joint occurrence of the significant wave

height (H,) aj

[SOURCE: I§

3.58
scour
removal of {

3.59
sea state
condition off

Note 1 to en]
condition exi
time.

[SOURCE: IS

3.60
shallow gaj
gas pockets

3.61
significant
statistical m|

Note 1 to en
upcrossing w

4,/m0 (whe|

deviation of
approximatel

[SOURCE: I§

3.62

jd a Tepresentative period (1,5 0T T, 5.

0 19901-1:2015, definition 3.29, modified]

eabed material from the foundation due to current and waves

the sea during a period in which its statistics remain approximately constant

Iy: In a statistical sense the sea state does not change markedly withiri\the period. The period during whicH
Gts is usually assumed to be three hours, although it depends on the/particular weather situation at any

0 19901-1:2015, 3.31]

or entrapped gas below impermeable layersiat shallow depth

wave height
easure of the height of waves in‘a sea state

ry: The significant wave height-was originally defined as the mean height of the highest one-third of the
aves in a sea state. In most offshore data acquisition systems, the significant wave height is currently takg

re m is the zeroth spectral moment, see 1SO 19901-1:2015, definition 3.37) or 40, where o is the stan
the time series<{of)'Water surface elevation over the duration of the measurement, typically a perio

y 30 min.

0 1990112015, 3.35]

skirted spudcan

this
iven

Zero
n as

dard
d of

spudcan with a peripheral skirt

3.63

slant-leg unit
jack-up with legs that can be inclined at a significant angle to the vertical

Note 1 to entry: The inclination angle is typically about 5°. The benefit is that the jack-up behaves more like a braced frame and
less like a portal frame, with accompanying reductions in leg axial forces and moments.

10
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3.64
sliding
horizontal movement of a spudcan

3.65

special survey

extensive and complete survey carried out at each nominal year interval, which closes a cycle of annual
classification and mandatory surveys

Note 1 to entry: This is also referred to as “renewal survey” by some IACS members. The special survey period is normally
between five and eight years.

3.66
spe¢tral density function
enefgy density function
speftrum

megsure of the variance associated with a time-varying variable per unit frequency bahdand per unif directional
sectpr

Notq 1 to entry: Spectrum is a shorthand expression for the full and formal name of spedtral density function or ehergy density
function.

Notq 2 to entry: The spectral density function is the variance (the mean square) of'the time-varying variable concerned in each
freqiency band and directional sector. Therefore, the spectrum is, in gefieral, written with two arguments} one for the
freqpiency variable and one for a direction variable.

Notd 3 to entry: Within 1SO 19901-1, the concept of a spectrum, applies to waves, wind turbulence and #ction effects

(responses) that are caused by waves or wind turbulence. For waves, the spectrum is a measure of the energy traversing a
giveq space.

[SOURCE: ISO 19901-1:2015, 3.39]

3.67
spectral peak period
period of the maximum (peak) energy density in the spectrum

Notd 1 to entry: In practice, there is oftehumore than one peak in a spectrum.

Notq 2 to entry: There are two types-of spectral peak period used within this part of ISO 19905: intrinsic and dpparent. The
distipction is discussed in A.7.3.3.5;7Which is, in turn, based on ISO 19901-1:2015, 8.4.4 and A.8.4.3.

[SOURCE: ISO 19901-1:2015, definition 3.38, modified]

3.6
spufican
strulcture at the base of a leg supported by the soil

3.6
squpezing
lateral movement of weak soil between the spudcan base and an underlying stronger layer, or of weak soil
between two stronger layers

3.70
stochastic analysis
analysis in which a probabilistic approach is taken to model the random nature of the variables of interest

Note 1 to entry: In general, a linear(ized) stochastic analysis can be performed in the frequency domain or in the time domain,

whereas non-linear stochastic analysis can only use time domain simulations. This part of ISO 19905 does not support
frequency domain stochastic analysis.
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3.71

stress conc
SCF

factor relati

entration factor

ng a nominal stress to the local stress at a detail

[SOURCE: ISO 19902:2007, definition 3.50, modified]

3.72

structural analysis
process or algorithm for determining action effects from a given set of actions

Note 1 to en
structure (e.

structural mg

[SOURCE: IS

3.73

structural ¢
component

physically d

Note 1 to e

component ¢
can be of a di

3.74

structural member

member
physically d

Note 1 to ent

Note 2 to ent

3.75

sudden hur

sudden cyc
sudden typ

sudden trop
completed

Note 1 to ent

3.76

sustained v
time-averag

[SOURCE: I§

3.77
undrained

b. a leg), local analysis of a structural member and local analysis of a structural component] using,diffe
dels.

0 19902:2007, definition 3.51, modified]

omponent

stinguishable part of a member cross-section of uniform yield strength
try: The cross-section of a non-tubular member is usually comprised of-several structural componen

nsists of only one material. Where a plate component is reinforced by anather piece of plating, the reinforce
ferent yield strength. See also further discussion in A.12.1.1.

stinguishable part of a braced structure connectingtwo joints

y: A structural member can also be defined as the leg of a non-truss leg jack-up.

y: See also further discussion in A.12.1.1.

ricane

jone

hoon

ical revolving storm that ferms near the site and that can affect the jack-up before demanning ca
yithin the time required-by the emergency evacuation plan

y: The intent is that the jack-up be assessed to L1 for the specified sudden tropical revolving storm.

yind speed
ed wind'speed with a defined averaging duration of 1 min or longer

of a
rent

[s. A
ment

h be

0-19901-1:2015, definition 3.43, modified - duration changed from “10 min or longer”]

shear strength

maximum shear stress at yielding or at a specified maximum strain in an undrained condition

Note 1 to entry: Yielding is the condition of a material in which a large plastic strain occurs at little or no stress increase.

[SOURCE: ISO 19901-4:2003, 3.9]
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3.78

utilization

member utilization
foundation utilization
maximum value of the ratio of the generalized representation of the assessment action effect to the generalized
representation of the assessment resistance in compatible units

1:2016(E)

Note 1 to entry: The utilization is the maximum absolute value of the ratio for each limit state and assessment situation being
considered.

Note 2 to entry: Only utilizations smaller than or equal to 1,0 satisfy the assessment criteria for a particular limit state.

Note
repr

Notg
com
ineq|

[SO!

3.7¢
vari
iten

3.80

wat]
vert]

Notg
Geng

Note
high

negd

[SO!

4.1

3 to entry: The assessment action effect is the response to the factored actions. The assessment resi
psentative resistance divided by the partial resistance factor.

bine into an interaction formula. If the interaction formula governing the assessment check js, or*can be, 1
hality of the form U < 1,0, then the utilization is equal to U.
JRCE: ISO 19902:2007, definition 3.56, modified]

)
able load
s carried by the jack-up to support its operation that are not included(n ‘the fixed load

er depth
ical distance between the sea floor and still water level

1 to entry: As there are several options for the still water.level (see A.6.4.4), there can be several water
rally, assessment water depth is determined to the extreme still water level.

2 to entry: The water depth used for calculating wave kinematics varies between the maximum water dept

water spring tide plus a positive storm surgeyxand the minimum water depth of the mean low water spri
tive storm surge, where applicable.

JRCE: ISO 19901-1:2015, definition'3.47, modified]

Symbols and abbreviated terms

Symbols

sail-blioyancy of spudcan below bearing area, i.e. the submerged weight of soil disp

spudcan below D, the greatest depth of maximum cross-sectional spudcan bearing arg
sea floor

moment reduction factor

stance is the

4 to entry: For members and foundations subjected to combined forces, the internal force pattern”and the resistance

educed to an

depth values.

h of the mean
hg tide less a

aced by the
a below the

greatest depth of maximum cross-sectional spudcan bearing area below the sea floor

equivalent set of inertial actions representing dynamic extreme storm effects or ground motion

effects due to earthquakes

metocean actions due to the extreme storm event
fatigue damage design factor

assessment load case

horizontal force applied to the spudcan due to the assessment load case (see 8.8)

© ISO 2016 - All rights reserved
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KDAF,RANDOM

gross vertical force acting on the soil beneath the spudcan due to the assessment load case F; (see

8.8)

actions due to the fixed load positioned such as to adequately represent their vertical
horizontal distribution

and

actions due to maximum or minimum variable load, as appropriate, positioned at the most

onerous centre of gravity location applicable to the configurations under consideration

DAF from random wave time domain (stochastic) analyses

Kpar,spor

DAF from single degree-of-freedom representation of dynamic behaviour
length of the vector from a specified origin to the action effect

length of the vector from the same origin to the factored interaction surface
overturning moment due to factored actions

number of cycles to failure in fatigue of a specified constant amplitude stréss range
maximum horizontal foundation capacity

factored resistance

factored stabilizing moment

representative stabilizing moment

utilization

utilization of preload

utilization of foundation resistance to'sliding

utilization of vertical and horizontal foundation capacity

maximum vertical reactiofitunder the spudcan considered required to support the in-water we

of the jack-up during the entire preloading operation?)
vertical reaction ben€ath the spudcan due to the assessment load case3)

submerged (weight of the backfill that occurs after the maximum preload has been applied
held

submerged weight of the overburden on top of the spudcan from backfill during preloading

partial action factor applied to the inertial actions due to dynamic response

partial action factor applied to the metocean or earthquake actions
partial action factor applied to the actions due to fixed load

partial action factor applied to the actions due to the variable load

2)  This is not the soil capacity. See 3.48.

3)  See 8.8. Includes effects of leg weight and water buoyancy, but excludes effects of backfill and spudcan soil buoyancy.

14
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RH partial resistance factor for holding system strength
TR Hfc partial resistance factor for horizontal foundation capacity
7ROTM partial resistance factor for stabilizing moment
7R PRE partial resistance factor for preload

RS partial resistance factor for spudcan strength
RVH partial resistance factor for foundation capacity
4.2| Abbreviated terms

ALE abnormal level earthquake

ALS accidental limit states

BS base shear

BSTF base shear transfer function

CD chart datum

DAH dynamic amplification factor

ELE extreme level earthquake

FE finite element

FLS fatigue limit states

IACS International Association of Classification Societies
LAT lowest astronomical tide

LRFD load and resistance factor design

LTB lateral torsionalbuckling

MPM most probable-maximum

MPME most ptebable maximum extreme

MSI niean sea level

OCR over-consolidation ratio

PDH probability density function

PSIIP project specific in-service inspection programme
RCS recognized classification society

ROV remotely operated vehicle

RPD rack phase difference

SCF stress concentration factor

SDOF single degree-of-freedom
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SLS serviceability limit states
SWL still water level

TRS tropical revolving storm
ULS ultimate limit states

5 Overall considerations

5.1 Gene

5.1.1 Com

Assessment
through edy

5.1.2 Plarg

Adequate pl
determinati

ral

petency

5 undertaken in accordance with this part of ISO 19905 shall be performed only by petsons comps
cation, training and experience in the relevant disciplines.

ining

anning shall be undertaken before a site-specific assessment is started. The planning shall includsg
bn of all assessment situations and the criteria on which the assesSment shall be based, following

general reqyiirements specified in ISO 19900 as far as relevant for jack-ups,

5.1.3 Assc

pssment situations and associated criteria

The assessnpent situations shall include both extreme events and eperational modes because the critical mog
not always obvious. The assessor shall use site-specific metocean, earthquake and geotechnical data,

operation ig
as applicabl
remainder d

For mobile
of IS0 199(

e, for the assessment. The assessment situations’and associated criteria are jointly specified in
f this part of ISO 19905. They form one whole and shall not be separated from one another.

ffshore drilling units operating in regions subject to sea ice and icebergs, the requirements of this
5 shall be supplemented with the“provisions relating to ice actions and procedures for

tent

the
the

e of

the

part
ice

managemerjt contained in ISO 19906. The action factors from this part of ISO 19905 shall be applied. When joint

probability flata are not available, the factors from ISO 19906 may be used for the companion actions.

5.1.4 Repprting

The assessofr should prepare areport summarizing the inputs, assumptions and conclusions of the assessmenpt. A
recommendled contents listds given in Annex G.

5.1.5 Regplations

the
e of

Each countiy cdn‘have its own set of regulations concerning offshore operations. It is the responsibility of
operator anfdjack-up owner to comply with relevant rules and regulations, depending upon the site and typ
operations to be conducted.

5.2 Assessment approach

This subclause provides an overview of the data required, the assessment methodology, and the acceptance
criteria. A flow chart for extreme storm assessment is shown for guidance in Figure 5.2-1. Annex A provides
additional information and guidance, including detailed calculation methodology. Annex B specifies the partial
factors for use in the assessment. Annexes C to F provide supplementary information or alternative calculation
methodologies. Annex G provides a recommended contents list for the assessment report. The associated
Technical Report, ISO/TR 19905-2, provides background to some of the recommendations given in the annexes
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and a detailed sample calculation. Other approaches may be applied, provided that they have been shown to give a
level of structural reliability equivalent, or superior, to that implicit in this part of ISO 19905.

The assessment of the jack-up can be carried out at various levels of complexity as expanded in a), b) and c) (in
order of increasing complexity). The objective of the assessment is to show that the acceptance criteria of
Clause 13 are met. If this is achieved at a certain complexity level, there is no requirement to consider a higher
complexity level. In all cases, the adequacy of the foundation shall be assessed to level b) or c).

a)

b)

)

Compare assessment situations with design conditions or other existing assessments determined in
accordance with this part of ISO 19905.

Carry out appropriate calculations according to the simpler methods (e.g. pinned foundation, SDOF
dynamics) given in this part of ISO 19905. Where possible, compare results with those frem. egisting more
detailed/complex (e.g. secant or yield interaction foundation model, time domain dynami¢s);calculations.

Carry out appropriate detailed calculations according to the more complex methods (e.g. Jecant, yield
interaction or continuum foundation model, time domain dynamics) given in this@art of ISO 19905.
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Obtain jack-up data, (6.2)
Establish proposed weights and C of G's, (6.2)
Obtain site and metocean data, (6.3 and 6.4)
Obtain geotechnical data, (6.5)
Obtain earthquake data, (6.6)

i

Are there "other aspects” that limit acceptability?

- Metocean actions: marine growth; VIV, (7.3.2 and 7.3.3)
- Earthquake, (10.7)

- Foundations: skirted spudcans, hard slopi

? Fmg strata, footprints, Are preventative
leaning instability, leg extraction difficulties, cyclic,mobility, E'_S__ '“eaci“-“'f—l'i‘ 1“'3113319
scour, interaction with adjacent infrastructure geohazards an w'[,tb]‘zje e
carbonate materials (9.4) * Ye:ccer’ i
No !I ‘ Ho
: : UNIT NOT
Determine hull elevation, (5.4.5 and 13.6)
Select conditions for ULS (5.3 ACCEPTABLE
Determine assessment situation(s), (5.4)
Determine exposure level (5.5
Estimate leg penetrations based on maximum preload (9.3.2) No
i % R;m aﬁsessdmené
0 or the reduce
I Is adequate leg length available? (5.4.6 and 13.7) ]—— payload that resulty|
in adequatedeg
Y i : i length?
€S | Do comparable calculations according to this document
{ exist and show acceptability (5.2)? Yes
Assess foundation [ NOtOK No
(9 and 13.9) -
Determine actions (7)
Prepare or update analysis models, (8.1 to 8.7)
0K Determine foundation models, (9.3.1)
1
Apply actions (8.8)
Determine resposes (9.3.3 to 9.3.5 and 10.1 to 10.5]
| If applicable, check effect of fixity on dynamic respghse (8.6.3) |
I
Assess structural strength and Dvcr‘turmng stability Not OK
(12,13.1to 13.5 and 13.8)"
{ 0K
Assess foundation (9,3.6 and 13.9.1)/ Not OK
Figure A.9.3-17 to level\1{2)or 3 as appropriate
{ox
Check effect of fotuidation displacements, (13.9.2) Not (i
| If required, resassess penetratll:m (59 3.2) hull elevatlon Not OK
and leg length, (5.4.5-6, 13.6-7
T not rggg_gd!UK
Ifapplieable/report potential for mleracuon with adjacent  |[Not OK
structures (5.4.7, 9.4.8)
If.applicable, repeat assessment for other penetrations | Not OK{‘\
in the range predicted, (8.6.2, 9.2. A.9.3.2.1.1)
]! not applicable/OK If possible, choose more detailed
- structural model (8.2.3)
UNIT - Foundation model (8.6.3 / 9.3)
ACCEPTABLE - Dynamic response calculation
[881/103 10.5) Yes
- Analysis method (10.9)
to resolve failure of acceptance.
NOTE T>~A cross-referenced clause number includes reference to the l No
corresponding clause in Annex A.
e UNIT NOT
NOTE 2 This figure does not fully address: ACCEPTABLE
Tong term applications (11); Temperature (13.10J.
Earthquake (6.6, 7.7, 8.8.8, 10.7)

Figure 5.2-1 — Flow chart for the overall extreme storm assessment
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5.3 Selection of limit states

1:2016(E)

ISO 19900 divides the limit states into four categories as described below; normally, it is necessary to assess only
the ULS in a jack-up site-specific assessment.

a)

b)

<)

d)

Ultimate limit states (ULS)

The site-specific assessment shall include evaluation of the ULS for assessment situations including extreme
combinations of metocean actions and the associated storm mode gravity actions. Earthquake actions shall
also be considered in combination with the associated operational mode gravity actions; however, evaluation

is required only in some areas of the world, The applicable partial action and resistance factor

for the ULS

and exposure level shall be as summarized in Annex B. For the ULS, the integrity of the structui
unimpaired, but damage to the non safety-critical (secondary) structure of the jack-up can be.tole

e should be
rated.

The ULS situation shall be assessed with the jack-up in the most critical operating configuratioh (increased

variable load, cantilever extended and unequal leg loads) when the ULS metocean cenditions are:

within the defined SLS limits for the jack-up (i.e. the metocean conditiens’ are less severg
defined for changing to the elevated storm configuration), or

severe weather occurs with insufficient warning for the unit<to’ be put in to storm c
e.g. squalls.

Consideration of the operating configuration is particularly important when the factored functi
are close to the preload reaction and a small additional-leg reaction due to metocean action
significant additional penetration.

Similarly, for jack-ups where the operations manual“permits increases in, or redistribution of,
load with reduced metocean conditions (operdting configuration, nomograms, etc.), the as
perform the ULS assessment using the operational metocean conditions with the associated ope
gravity actions and configuration. Where{homograms are used, a representative selection g
applicable to the site shall be assessed(e.g. the extreme storm event and one or more less seve
conditions).

NOTE The situations above ate often found in benign areas where the ULS metocean conditions a
defined SLS limits for the jacksup and do not exceed the limits for changing the jack-up to the el
configuration.

Serviceability limit states (SLS)
The SLS is notmally covered by the limits specified in the operations manual and, therefo
necessary to‘assess it unless the operational configuration requirements for the site are outside

Howeversthe requirements of a) above always apply.

Fatigue'limit states (FLS)

than those

bnfiguration

pnal actions
S can cause

the variable
essor shall
Fating mode
f situations
‘e metocean

e within the

bvated storm

e, it is not
those limits.

TllC FLS ib 561131 d‘liy dddl Ubbﬂd dl LIIE dtbigll bl.dgt. IL ib HOUIIELESSdly LU cvaluau: fdligut ulllcbb L
to be deployed for a long-term operation (see Clause 11).

Accidental limit states (ALS)

The ALS are generally addressed at the design stage and it is not necessary to evaluate it in the

1e jack-up is

assessment

unless there are unusual risks at the site under consideration (e.g. when it is necessary to perform an ALE

analysis).
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1:2016(E)

5.4 Determination of assessment situations

5.4.1 General

A jack-up can be used in various modes at a single site (e.g. drilling mode/workover mode/tender
mode/production mode). In each mode, the jack-up can be in the operating or storm survival configuration.
Where more than one configuration is contemplated, the differences (e.g. the varying hull elevations required for
each, skidding the cantilever in for a storm, reducing variable deck load) shall be considered in the assessment.
The practicality of any required configuration change shall be evaluated and appropriate assumptions
incorporated into the assessment calculations. Any required restrictions on the operations shall be included in the

datarmainad fron oot n ool oo e o
aeter e atrer—appropriate—€ompBHattoRs—oe+in

adurac _Tha accaccraant aticonc chall bha

.
He-a5SesseRt-SitdatoRs—Saat—Be

mode,

operating pge

configuratig

Where the 3
the assessm
from the st
communica
metocean d

5.4.2 Rea

The assume
normally as

NOTE ]
to-hull conne

5.4.3 Extileme storm event approach angle

The critical
checks that
used.

5.4.4 Weights and centre of gravity

For each lin
variable lod
determining

Where the ]

and storm §
configuratio

5.4.5 Hull

otcaurcs:

n and limit state.

ssessment indicates that an assessment situation does not meet the appropriate acceptance crit
ent configuration may be adjusted to achieve acceptability, providing that any resulting deviat
andard operating procedure of the jack-up are practically achievable, are documented and
ed by the jack-up owner to his offshore personnel and, if relevant, to the operator. Alternati
hta applicable to the season(s) of operation may be considered.

Ction point and foundation fixity

d reaction point at the spudcan shall be documented in the assessment report. The jack-up's legs
sumed to be pinned at the reaction point. Any divergence from this/assumption shall be stated.

he assumption of pinned footings is a conservative approach for the'bending moment in the leg in way of the
Ction; see 8.6.3.

extreme storm event approach angles relative to the jack-up are usually different for the var
shall be made (e.g. strength versus overturning checks). The critical direction for each check sha

hit state and configuration-being assessed, the appropriate magnitude and position of the fixed
ds shall be used. The. tolerances on both magnitude and position shall be considered w
the weights and centres-of gravity to use in the assessment.

pcation of the cantilever, substructure, etc., or the hull elevation, differ between the elevated opers3

urvival configuration, the practicality of making the changes required to achieve the storm sury
n shall beestablished.

elevation

bria,
ions
are
rely,

are

leg-

ious
1 be

and
hen

ting
rival

The hull ele

the larger of that required to maintain adequate clearance with:

20

adjacent structures, such as a fixed platform; and

the wave crest.

vation used In the assessment shall comply with the requirements specified 1n 15.6. Generally this is
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6 Leglength reserve

1:2016(E)

The assessor shall determine the necessity for a reserve of leg length above the upper guides to account for any
uncertainty in the prediction of penetration and to provide a contingency against settlement or scour. Leg length
reserve requirements are given in 13.7.

5.4.

7 Adjacent structures

The potential interaction of the jack-up with any adjacent structures shall be reported, as appropriate. Aspects
requiring consideration by the operator include the effects of the jack-up's spudcans on the foundation of the

adj

ent—structure—and the effects of relative mations on woll casinag  drilling eaguinment and
o) 1 F

vell surface

equ
5.4.

The
acty
orie
RPD
con

NOT]
whe

5.5

5.5.

Jack
inte
con

The
extr]

The
the

5.5.
The
Whe

recd
judg

pment (risers, connectors, flanges, etc.).

B Other

assessment is based on the best estimate of the conditions at the site. In some cases,it can be fo
al conditions are inconsistent with the assumptions made, e.g. penetration, eccentricity of spud
ntation, leg inclination. In other cases, the effects of factors such as large guide tlearances and s
cannot be properly quantified prior to installation. In all such cases, the validity of the assessnj
irmed once the jack-up has been installed.

E The RPD is usually a good indicator of the degree of eccentricity and the acceptability of the resulting
h elevated.

Exposure levels

1 General

-ups can be categorized by various levels of exposure to determine criteria that are appropri
hded service. The levels are determined by-consideration of life-safety and of environmental ar
equences.

life-safety category addresses perspnnel on the jack-up and the likelihood of successful evacuati
eme storm event occurs.

consequence category considérs the potential risk to life of personnel brought in to respond to 4
botential risk of environmental damage and the potential risk of economic losses.

P Life-safety categories

n eitherS2/or S3 is selected, this shall be agreed with the operator and, where applicable, the re|
gnized,that matching actual situations to generic S2 or S3 life-safety category definitions requires
ement.

ind that the
fan support,
ensitivity to
ent shall be

action effects

hte for their
d economic

n before an

ny incident,

category for life-safety (S1, S2 or S3) shall be determined by the jack-up owner prior to the assessent.

pulator. It is
a degree of

a)

S1 Manned non-evacuated

The manned non-evacuated category refers to the situation when a jack-up (or an adjacent struct
be affected by the failure of the jack-up) is continuously manned and from which personnel evac
to the extreme storm event is either not intended or impractical.

A jack-up shall be categorized as S1 manned non-evacuated unless the particular requirements
apply throughout the expected period of operations at the assessment site.

A jack-up shall always be considered S1 for the assessment of earthquake events.

© ISO 2016 - All rights reserved

ure that can
uation prior

for S2 or S3

21


https://standardsiso.com/api/?name=8527c9f5bb05f1c49fb3d22fe0c1b5c3

ISO 19905-1:2016(E)

b) S2 Manned evacuated

The manned evacuated category refers to a jack-up that is normally manned except during a forecast extreme
storm event. A jack-up may be categorized as S2 manned evacuated only if:

1) reliable forecasting of an extreme storm event is technically and operationally feasible, and the weather
between any such forecast and the occurrence of the extreme storm event is not likely to inhibit an
evacuation; and

2) documented plans are in place for obtaining forecasts and effecting evacuation prior to an extreme
storm event; and

3) folhowing the forecast of an extreme storm event, sufficient time and resources exist to safely evacpate
all| personnel from the jack-up (and any adjacent structure that can be affected by the failure off the
jadk-up) with due consideration of the other demands on those resources (e.g. the evacuation of other
manned platforms in the area).

—

c) S3 Unnjanned

The unmanned category refers to a jack-up that is manned only for occasional in§pection, maintenance|and
modifidation visits. A jack-up may be categorized as S3 unmanned only if:

1) vidits to the jack-up are undertaken for specific planned inspection;,” maintenance or modificqtion
opgrations on the jack-up; and

—_

2) vidits are not usually expected to last more than 24 hours during seasons when severe weather cah be
expected to occur; and

—_

3) th¢ evacuation criteria for S2 manned evacuated jack-upsiare met.

A jack-lip in this category is often also referred to as “netnormally manned”.

5.5.3 Conpequence categories
Factors that{should be considered in determining the consequence category include the following:

— life-saf¢ty of personnel either on or-niear the jack-up who are brought in to respond to any consequenge of
failure,|but not personnel that are-part of the normal complement of the jack-up;

— damagg to the environment;yand

— anticipjted losses to thie jack-up owner, to the operator, to the industry and/or to other third parties as well
as to sdciety in general.

NOTE 1 This classification includes risk of loss of human life for people other than personnel being part of the jacktup's
normal compjement.and personnel on any adjacent structure that can be affected by failure of the jack-up. A primary driver for
the classificqtion in consequence categories is damage to the environment or to society (e.g. the situation where a
community/ ‘m‘rp/rmmtrv suffers qigniﬁmnf losses as a consequence of the interruption of prndnrfinn\ The classificatibn is
based on the assumption that the jack-up owner and the operator agree on the economic loss category to suit their tolerance of
risk.

NOTE 2 The anticipated loss reflects the cost of plugging and abandoning wells on damaged facilities.

The consequence category that applies shall be determined by the jack-up owner prior to the assessment and shall
be agreed by the operator and, where applicable, the regulator and operator(s) of adjacent facilities. It is
recognized that matching actual situations to generic consequence category definitions requires a degree of
judgement.

a) C1 High consequence category
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The high consequence category refers to jack-ups where the failure of the jack-up has the potential to cause
high risk to emergency response personnel and/or high consequences in terms of environmental damage
and/or economic loss.

Unless the above conditions apply, a jack-up shall normally be categorized as C2 or C3.

NOTE 3 Adjacent facilities (workover platform, local platforms, transport lines, etc.) are those that are sufficiently
close to the jack-up site for there to be a high probability of impact if the jack-up collapses or drifts from site. They are
unlikely to be “high consequence”, although they can have been designed to a higher categorization than is applicable
during the specific jack-up operation being assessed. In most cases, facility damage does not result in significant
reduction in throughput or hydrocarbon production and the facility has the protection to meet C2 or C3 requirements.

NOTE 4 Examples of high consequences include the potential for significant unintended release ef)hydrocarbons
from the well(s) or from adjacent major transport lines and/or storage facilities.

NOTE 5 Where the shut-in of hydrocarbon production is not planned, or not practical, prior to the occurrence of an
extreme storm event, the site can be high consequence.

NOTE 6 All earthquake events are considered to be high consequence because“of life-safety, se¢ category S1
in 5.5.2 a).

C2 Medium consequence category

The medium consequence category refers to jack-ups where prodiiction of hydrocarbons on botH the jack-up
and any adjacent facility is shut-in during the extreme storm€vent. A jack-up may be categorized as medium
consequence only if all the following requirements are met.

1) All wells that can flow on their own in the event'of structural or foundation failure are equipped with
fully functional means of reliably closing in the well to prevent such flow, and such megns shall be
manufactured, tested and installed in accordance with applicable specifications.

The possibility of flow should be considered as a result of a failure in any part of the system ipcluding the
riser/conductor.

2) Oil storage is limited to process inventory and “surge” tanks for pipeline transfer.

3) Pipelines that can be affected by failure of the jack-up are protected from releasing hydrocaibons, either
by virtue of inventory and pressure regime or by check valves or sea floor safety valves located at
sufficient distance to(be unaffected by the failure.

4) The failure of theéjack-up is evaluated to cause medium or low consequences to any facility it|is operating
over, or adjacent to.

C3 Low conséguence category
The low consequence category refers to jack-ups operating in

—=., ‘open water sites with no existing surface or subsea infrastructure, or

— workover mode or production mode with low production rates and where any production is shut-in
during the extreme storm event.

These units may support production departing from the jack-up and low volume infield pipelines. A jack-up
may be categorized as low consequence only if all the following requirements are met.

1) All wells that can flow on their own in the event of structural or foundation failure are equipped with
fully functional means of reliably closing in the well to prevent such flow, and such means shall be
manufactured, tested and installed in accordance with applicable specifications.
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The possibility of flow should be considered as a result of the failure in any part of the system including
the riser/conductor.

2) Oil storage is limited to process inventory.

3) Pipelines that can be affected by failure of the jack-up are limited in their ability to release hydrocarbons,
either by virtue of inventory and pressure regime or by check valves or seabed safety valves located at

sufficient distance to be unaffected by the failure.

4) The failure of the jack-up is assessed as likely to cause low consequences to any facility it is operating
over, or is adjacent to.

5.5.4 Determination of exposure level

The three cqtegories each for life-safety and consequence can, in principle, be combined into nine exposure leyels.
However, the level to use for categorization is the more restrictive level for either life-safety or consequence. [Chis

results in thfee exposure levels as illustrated in Table 5.5-1.

The exposu
where appli
facilities.

For extremsd

storm assessments, the exposure levels are given in Table 5.5-1.

Table 5.5-1 — Determination of exposure level

e level applicable to a jack-up shall be determined by the jack-up owner prior'tothe assessment pnd,
cable, shall be agreed by the regulator and operator and by the regulator and operator(s) of adjafent

Life-spfety category

Consequence category

C1 High consequence

C2 Medium consequence

C3 Low consequence

S1 Manned rjon-evacuated L1 L1 L1
S2 Manned gvacuated L1 L2 L2
S3 Unmanneld L1 L2 L3

The following provisions apply to categories L1, L2 and L3.

— L1: Anm
factor (
and An

— L2: Ald
or 100
(e.g- 50
partial

hex B).

factors applicable to L1.

anned or C1 jack-up shall be assessed for either the 50 year independent extremes with partial adtion
f 1,15 or for the 100 year joint probability metocean data with partial action factor of 1,25 (see §.8.1

wer consequence manned evacuated jack-up shall be assessed for the 50 year independent extrgmes
ear joint probability metocean data that can be reached at the site prior to evacuation being effegted
year 48hour notice sudden hurricane in tropical revolving storm areas). The assessment shall usg the

The unmanned post-evacuation case shall also be considered according to criteria to be agreed between the
jack-up owner and the operator.

— L3: The unmanned, low-consequence (survivability) criteria, to be agreed between the jack-up owner and the
operator.

For earthquake, a jack-up shall be assessed as L1 using a ULS screening check with a 1 000 year earthquake

event.
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5.6 Analytical tools

Most of the analytical procedures and calculations described in this part of ISO 19905 are commonly performed
with the assistance of computer-aided engineering tools. Many of these tools, particularly structural analysis
programs, consist of recognized commercially available software suites that, when used by experienced and well-
trained operators, can be considered suitable for their standard areas of application. For these software suites, the
original author is expected to have performed adequate validation and verification for their standard areas of
application and to maintain evidence thereof. However, many of these software suites do not adequately address
jack-up specific issues, such as time domain dynamics, foundations, large displacement effects and appropriate
code checks.

In chses where innovative analytical approaches and techniques are used with commercially available software
suites or where proprietary software solutions are adopted, the assessor is expected to validate the pdequacy of
methodology and algorithms.

6 |Data to assemble for each site

6.1| Applicability
Clayse 6 describes the data that are required to undertake an assessment(In this part of ISO 19905, the field is the
gengral area where the jack-up is to operate; the site is the specific pdsition/orientation within the field. The site

datd are normally a subset of the field data. The data that should besineluded in the assessment report|are listed in
Annlex G, which can be used as a check list.

6.2| Jack-up data

Theljack-up data required to perform an assessment iniclude the following:

— |jack-up type;

— |installed leg length;

— |latest revision of the drawings, specifications and the operations manual;

— |data pertaining to the stréngth, stiffness and operation of the leg-to-hull connection;

— |proposed lightship-and variable load and centres of gravity for each configuration, accounting for pny changes
that are not includéd in the latest revision of the operations manual;

— | preloading capacity or pre-drive capability;

— |limiting.spudcan capacity, e.g. reactions and bearing pressure distribution(s) used in the design cgses;

— |design parameters including, where applicable, RPD limits and any proposed deviations for the intended
operation;

— details of any relevant modifications.

6.3 Site and operational data
The site data should include the site coordinates, sea floor topography and water depth referenced to a clearly

specified datum, e.g. lowest astronomical tide (LAT) or chart datum (CD). Be aware that charts derived for use by
comparatively shallow draft shipping are often not sufficiently accurate for siting jack-ups.
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At platform sites, platform drawings, the required hull elevation or the required clearances with the platform, the
jack-up heading and other interface data shall be obtained from the platform operator.

The assessor can use directional metocean data to optimize the jack-up heading. When directional metocean data
are used in the assessment, the jack-up heading shall be specified.

The data provided by the operator shall include the proposed mode of use (drilling, production, accommodation,

etc.) and the number and size of any supported risers or conductors. The life-safety and consequence category of
adjacent infrastructure while the jack-up is on site shall be provided.

6.4 Metogean-data

It is of primle importance to obtain appropriate metocean data for the site with due recognition of the(quality of
the data. Sitg-specific data shall be obtained from or on behalf of the operator for the following:

a) water depth (LAT or CD);
b) tide andl storm surge;
c) wave dpta:

— significant wave height and spectral peak period (stating whether intrinsic or apparent, as discussqd in
A.71.3.3.5),

— mgximum wave height and associated period (stating whether intrinsic or apparent, as discussed in
A.71.3.3.5),

— abpormal wave crest elevation (see A.6.4.2.4);
d) currenfvelocity and profile;
e) wind speed and profile.
Further refdrence to metocean data can be foundin Table A.7.3-1.

Omnidirectipnal data can be sufficient'but, in particular circumstances, directional data can also be requijred.
Other data, $uch as the following, shall\be evaluated, when applicable:

— marine|growth distribution;
— lcing;

— lowest pverage.daily air temperatures, etc.

Directionalify-of ‘wind, wave and current may be considered if accurate data are available. For determinfistic

analysis, wavetkinema actors—nay
see A.6.4.2.3.

General information on metocean data are given in ISO 19901-1. Details of the required metocean data for jack-up
site-specific assessment are given in A.6.4.

Either the 50 year return period of individual extremes or the 100 year return period of joint probability
metocean data shall be used for the site-specific assessment of manned jack-ups. Partial action factors for the

alternative return periods are given in 5.5.4, 8.8.1 and Annex B.

NOTE To provide consistent reliability levels, different action factors are used with actions determined for a 50 year
return period of individual extremes and for a 100 year return period of joint probability metocean data.
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As a minimum, a manned evacuated jack-up shall be assessed for the 50 year independent extremes or 100 year
joint probability metocean data that can be reached while the jack-up is still manned; see 5.5.4. For example in a
TRS area, consideration may be given to the use of a 50 year return period “sudden hurricane”.

As a minimum, an unmanned jack-up shall be assessed to an agreed exposure level; see Table 5.5-1.

If the jack-up deployment is to be of limited duration, applicable (seasonal) data may be used for the months

under consideration, including suitable contingency.

6.5

Geophysical and geotechnical data

Site
on

circ
can

boring/coring data; in-situ and laboratory test data; and diver's survey data.

The

For
to ig
site

Ats
datd

specific geotechnical information applicable to the anticipated range of penetrations shall be obta
behalf of the operator. The type and amount of geotechnical data required depend ©n ‘th
imstances, such as the type of jack-up and previous experience at the site or nearby sites,/.Such

ned from or
b particular
information

include geophysical survey (sub-bottom profiler, side-scan sonar, bathymetry, jmagnetonjeter) data;

field shall be evaluated for the presence of geohazards, as described in Table Al6,5-1.

sites where previous operations have been performed by jack-ups of the same basic design, it can
entify the location of the existing footprints, to assess the hazards associated therewith and refer
data and preloading or penetration records; however, the accuracyof such information should be

tes where there is any uncertainty, borings/corings and/or inésitu testing (e.g. piezocone penetro
are recommended at the planned site. Alternatively, the site can be tied-in to such data at and

me

boring(s)/coring(s), etc., from the jack-up before preloadingzand jacking to full hull elevation. Suitable

sho
prel

The
and

Cert
spe

6.6

Earfhquake data shall be obtained through the use of ISO 19901-2. A jack-up shall always be ass

exp

?:r:s of shallow seismic data. If data are not available prior te'the arrival of the jack-up, it can be pos

ld be taken to ensure the safety of the jack-up during this initial period on site and during
pading.

site shall be evaluated for potential scour problems. These are most likely to occur at sites wit
or current water particle velocity near a seabed that is composed of non-cohesive soils. See also 9

ain sites prone to mudslides can involve additional risks. Such risks should be assessed by
ialist studies.

Earthquake data

sure level L1 earthquake data.

be sufficient
to previous
perified.

Imeter tests)
ther site by
sible to take
precautions
subsequent

h high wave
4.7.

arrying out

essed using

7 |Actions
7.1| Applicability
Thi: \,XQMDC }ILCDClltD dll Uvel V;CVV Uf, aud bao;\, lC\.iu;l ClllClltJ fUl, thC lllUdC}};lls Uf a\,tiuuo fUl Dite_specific

assessment in accordance with this part of ISO 19905.

Details regarding applicable methods and formulations to calculate actions are presented in A.7 which also
includes presentation of hydrodynamic formulations and coefficients for detailed and equivalent modelling of
hydrodynamic actions on legs.

In this clause, and the corresponding A.7, actions are presented without partial action factors. Actions shall be
factored as given in 8.8 prior to the determination of the action effects.
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7.2 Gene

ral

The following outlines the actions that shall be considered in general terms:

a) metocean actions:

1) actions on legs and other structures from wave and current, and

2) actions on hull and exposed areas (e.g. legs) from wind;

b) functio

nal actions:

1) fixed actions, and

2) ac

c) indirec

ions from variable load;

f actions resulting from responses:

1) digplacement-dependent effects, and

2) ac

felerations from dynamic response;

d) earthqqake actions;

e) othera
7.3 Meto

7.3.1 Gen

Wind, wave

Ctions.
cean actions

eral

and current actions are typically considered to act simultaneously and from the same direction.

colinearity ghould normally be assumed. The directionality of wind, wave and current may be considered wh

can be dem

nstrated that such directionality is @pplicable at the site under consideration.

7.3.2 Hydrodynamic model

The hydrod
techniques.
current actj
appropriate|

Hydrodynar

ynamic modelling of tthe: jack-up leg can be carried out by utilizing “detailed” or “equivall
The hydrodynamic medels shall represent all structures and appurtenances subjected to wave
on. The effect of different hydrodynamic properties in different directions shall be represente
for the analysis:

hic (dragdand inertia) coefficients shall be selected that are appropriate for the flow regime of

actual jack-lip leg structure and chosen wave theory. Applicable test results may be used to select the coeffici

for non-cir
appurtenan

ula¥ members (and not the complete leg). The effects of raw water piping, ladders and o

This
bn it

ent”
and
H as

the
ents
ther

ces-shall be considered in the calculation of the hydrodynamic coefficients for the legs.

The effect of marine growth on the actions shall be considered. Because jack-ups are mobile, opportunities are

available to

clean the leg to reduce hydrodynamic actions.

7.3.3 Wave and current actions

Wave and current actions on the legs and appurtenances (e.g. raw water tower) shall be computed using the
Morison equation and an appropriate hydrodynamic model. A wave theory appropriate to the wave height, period
and water depth shall be used for the determination of particle kinematics. Wave kinematics for the calculation of
actions caused by waves shall be derived from the intrinsic wave period (or the intrinsic wave frequency).
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travels at the

speed and in the direction of the underlying current. An observer travelling at the same speed and in the same direction as the
current is stationary with respect to the intrinsic reference frame and, therefore, measures the intrinsic wave period (see
A.7.3.3.5 and ISO 19901-1:2015, 8.4.4 and A.8.4.3). The wave has only an intrinsic wave length; there is no apparent wave

length.

The derived actions are directly affected by the current profile chosen and the method used to modify the profile

when the height of the water column varies in the presence of waves. Guidance is provided in A.6.4.3.

Vortex induced vibration (VIV) is normally considered to be covered by class, but should be checked

for jack-ups

with large-diameter tubular legs when the current velocity exceeds that used in the design; see for example Det

Norgke Veritas, DNV-RP-€205 (2010 Grumdmeter, Campbettamd- Wessehnk {19897 amd Bievins t199€

7.3.4 Wind actions

All §tructures and appurtenances subjected to wind action shall be considered. Wind actions shall b
using wind velocity, wind profile and exposed areas. Wind velocities and wind profiles-presented in
be ysed. These actions can be calculated using appropriate formulae and coefficients or can be

app

Win
dep

d actions on legs can be a dominant factor for jack-ups operating at less~than their maximum d
h.

The
Nor

potential effects of wind-induced vortex induced vibration (VIV)/should be considered, see for
bke Veritas, DNV-RP-C205 (2010); Grundmeier, Campbell and Wesselink (1989) and Blevins (1990

7.4 Functional actions
For
che
assdg
limi

functional actions, it is usual to consider the jack-uip with the maximum permitted variable load f
ks and with the minimum anticipated variable load (often 50 %) for the overturning calcul
ssment of the jack-up shows that it is marginal in one of these configurations, consideration may
fing the variable load to a lower or higher level (depending on the critical parameter), providing
can pe successfully operated under such restrictions. The assessor shall document any restrictions on
load that apply to the operating limits‘at'the site and communicate them to the jack-up owner. The
ensuire that these limits are included.inthe operating procedures for the site.

7.5| Displacement dependent effects

Indirect forces that are a Consequence of the displacement of the structure and its foundation shall b
in the analysis. The effécts are due to the first-order sway, foundation settlement, and to the enhance
the Increased flexibility of the legs in the presence of axial actions (Euler amplification); see A.8.8.6.

7.6| Dynamic effects

Indilrect fo

).

e computed
A.6.4.6 shall
rived from

d
icable wind tunnel tests. Generally, block areas are used for the hull, superstructures and appurterrances.

esign water

bxample Det

).

r structural
htion. If the
be given to
the jack-up
the variable
intent is to

considered
ment due to

tant for sea

rces due to dynamic response of the jack-up shall be considered and are particularly impo

7.7 Earthquakes

Actions and action effects due to earthquakes shall be considered where appropriate; see 8.8.8 and 10.

7.8 Other actions

and 10.5.3.

7.

Additional leg moments due to leg inclination resulting from leg-to-hull clearances and hull inclination shall be

considered as described in 8.3.6 and 10.5.4.
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Other types of action, for example actions due to icing and snow or sudden drop due to reservoir subsidence can
occur in certain geographical regions. These actions shall be computed and applied in combination with other

appropriate

concurrent actions.

8 Structural modelling

8.1 Applicability

This clause presents methods for the development of an analytical model of an independent leg jack-up structure.

Included in
foundation i

The modelli
8.2 Over

8.2.1 Gen

In general,
static and dy

realisti
applica

suitable

linear 4

the jach

8.2.2 Mod

The purpos
the calculatg

The distriby
use of simpl|

To determi
displaceme

An explicit 1

a jack-up structure are the legs, hull, leg-to-hull connection, and spudcans. The modelling of
s presented in Clause 9.

hg provisions cover the generation of stiffness, self-weight, mass and application of actions.
1l considerations

pral

structural modelling for the assessment of a jack-up shall achieve the, following objectives for
namic responses:

c global response (e.g. displacement, base shear, overturning moment) for the jack-up under
ble environmental and functional actions;

et representation of the leg, leg-to-hull connection and“the leg-foundation interaction, including
ffects as necessary;

adequate detail to enable realistic assessment of the leg structure, the structural/mechanical componen

ing and/or fixation system and the foundation.
elling philosophy

e of structural modelling is to estimate the forces and displacements in a structure when subjecte
d applied actions.

tion of global actions-and estimates of internal forces and displacements can be obtained through
ified, equivalent medelling techniques.

e displacements‘and forces in the leg, leg-to-hull connection, leg/spudcan connection and local
ts, a finite-element (FE) model shall be developed.

hodel'of-the conductor is rarely warranted.

the

both

the

nlon-

s of

d to

the

hull

8.2.3 Lev

3 Pl al al 3 1
CIS Ul 'L IITUUCIIIIg

In general, a jack-up model shall include the leg, leg-to-hull connection and representative hull structure. FE
models can contain combinations of detailed and simplified structural modelling. Four modelling techniques are
summarized below:

a)

hull and spudcan;

b)
equival

30

ent leg-to-hull connection springs and representative beam-element hull grillage;

fully detailed model of all legs and leg-to-hull connections, with detailed or representative stiffness model of

equivalent leg (stick model) and equivalent hull; equivalent stiffness model of all legs and spudcans,
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combined equivalent/detailed leg and hull; simplified lower legs and spudcans, detailed upper legs and leg-

to-hull connections with detailed or representative stiffness model of the hull;

detailed single leg (or leg section) and leg-to-hull connection model. This model shall be used in

conjunction

with the reactions at the spudcan or the forces and moments in the vicinity of the lower guide obtained from

model b).

Modelling the leg

8.3.1 General

The

8.3.

A“d

of the leg structure and the spudcan (if required). Each structural component of the/leg is representg

mor]
gen
repl

8.3.
An‘

this
leg.

leg can be modelled as a “detailed leg”, an “equivalent leg” or a combination of the two.

P Detailed leg
etailed leg” model consists of all structural members, such as chords, horizontal, diagonal and int
e appropriate finite elements. In the development of a detailed leg mode], the use of beam

brally accepted practice. However, other finite elements can be utilized;”when necessary, t
esent individual structural members.

B Equivalent leg (stick model)

equivalent leg” model consists of a series of collinear beam elements simulating the complete leg
model, a series of one or more beam elements represents.the overall stiffness characteristics of

8.3.f Combination of detailed and equivalent leg

In this model, the areas of interest are modelled'in detail and the remainder of the leg is modelled as a

leg.
8.3.
The

toot]
not

6 Stiffness adjustment

h material. Unless detailed-calculations indicate otherwise, the assumed effective area of the rack
exceed 10 % of theirmaximum cross-sectional area. When checking the strength of the chord

properties should be determined discounting the rack teeth.

8.3.

The
con

b Leginclination

additionalleg moment due to leg inclination resulting from leg-to-hull clearances and hull inclina
idered’(see 10.5.4), but it is not necessary that it be explicitly modelled.

leg stiffness used in the overall response analysis can account for a contribution from a portior]

brnal braces
d by one or
elements is

accurately

Structure. In
the detailed

h equivalent

of the rack
eeth should
5, the chord

kion shall be

The'd

8.4

3 i ] 3 1 A3 £al £l H 1 ballls dalladd Liaisl
TS T e U= O T CITTA IO T O STATTCTCE Tat R=U P S-S1TdIT OCTTTITOUCTICU CAPTICTTT Y -

Modelling the hull

8.4.1 General

The hull structure shall be modelled so that the actions can be correctly transferred to the legs and the hull
flexibility is represented accurately.
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8.4.2 Detailed hull model

The detailed hull model shall include primary load carrying structures, explicitly modelled with appropriate finite

elements.

8.4.3 Equivalent hull model

If a detailed

hull model is not used, an equivalent hull model shall be constructed using a grillage of beams.

8.5 Modelling the leg-to-hull connection

8.5.1 GenLral

The leg-to-hull connection controls the distribution of leg bending moments and shears carried\between

guides and
normally w
possible leg

8.5.2 Guide systems

The guide
direction of
local chord |

8.5.3 Eley

The elevatir

Generally, the manufacturer specifies this information.

8.5.4 Fixation system

If the jack-up is equipped with a fixation system, e:g. rack chocks, it shall be modelled to resist both vertical

horizontal f

8.5.5 Sho

For floating
resist vertic

8.5.6 JacKcase and associated bracing

The jackcas

the jacking/fixation system. In the elevated mode, the most heavily loaded portion of the lg
thin the vicinity of the leg-to-hull connection. The model shall provide the means to identify
to-hull contact at locations other than the guides.

action. When chord-to-guide contact occurs in the span betweenchord-brace connections, signifi
bending moments can occur. Therefore, various guide positionsshall be investigated.

ating system

g systems shall be modelled using either the stiffness derived from detailed analysis or from tes

rces, using appropriate stiffnesses.
Ck pad — floating jacking systems

jacking systems, the~shock-pad stiffness shall be modelled and the shock pad shall be modelle
h] compressive foyces only. Generally, the manufacturer specifies the stiffness information.

e or jackhouse structures and associated bracing shall be modelled based on their actual stiffness.

the
g is
any

gtructures restraining the chord members shall be modelled, accounting for clearances and their

cant

[ing.

and

d to

8.5.7 Equ

valent leg-to-hull stiffness

The model shall represent the overall stiffness characteristics of the leg-to-hull connection.

8.6 Modelling the spudcan and foundation

8.6.1 Spudcan structure

The spudcan structure shall be modelled with sufficient detail to accurately transfer the seabed reaction into the
leg structure.

32
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Where there is insufficient data available regarding the structural strength of the spudcans, the suitability of the
spudcans for the site shall be determined from applicable analyses.

8.6.2 Seabed reaction point

Selection of the reaction point shall be based on the estimated penetration using geotechnical information from
the site and shall consider any anticipated horizontal eccentricity.

8.6.3 Foundation modelling

For
to b
ben

Inc
non

rotational, lateral and vertical soil forces. Methods of establishing foundation fixity are given in Clause

Whyg
fixit

Whg
beo

For
Spu
the

8.7

The
strul
disp
nor
int
assd

he

e amalystsof am IMdependent (eg jJack-up Uit T tIe efevated ST MoadE, e foundations may
ehave as pinned supports, which are unable to sustain moment. This is a conservative appr
ling moment in the leg in way of the leg-to-hull connection.

hses where the inclusion of rotational foundation fixity is justified and is included in the structural
linear soil-structure interaction effects shall be taken into account. The model shall include the ix

n fixity brings the structural natural period closer to the excitation frequency, the inclusion o
iy can amplify the response and shall, therefore, be considered.

n assessing the spudcans, the leg-to-can connection and the lower{parts of the leg, the spudcan re
btained from a foundation model that properly estimates the spiidéan moment.

earthquake excitation, foundation fixity tends to increasg the inertial response and shall be
can settlement resulting from earthquake excitation shall be considered. Differential settlemer
most serious consequences.

Mass modelling

mass model shall reflect the mass distribution of the jack-up. The model shall include structuj
ctural mass, including entrapped fluidssand added mass. The added mass shall be computed b
laced volume of the submerged components, including marine growth, acting in the directio
al to the component. The mass,of the variable load (e.g. consumables stored within the hull) shall
mass model. Other actionsidue to variable load, such as conductor tension and hook loads,
ciated with masses shouldnetbe included.

The structural mass@shall include:

legs;

hulls&tructure;

spudcans.

be assumed
ach for the

hnalysis, the
teraction of
O.

foundation

hctions shall

considered.
ts can have

al and non-
ased on the
n of motion
be included
that are not

The non-structural mass shall include:
hull equipment and outfitting;
mass of the variable load;

sea water supply system;

leg appurtenances;

marine growth;
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entrapped water in flooded members and spudcans.

Added mass shall include contributions from:

submerged legs and leg components, e.g. chords and braces;
sea water caissons;

for earthquake assessments only, spudcans; see A.8.7.

8.8 Application of actions

8.8.1 Ass¢

8.8.1.1 (

The assessment load case, F, shall be determined using the following generalized form in which'the partial faq
before undertaking the structural response analysis to ensure that the non-linear behaviou

are applied

pssment actions

eneral

properly captured, as given in Formula (8.8-1):

Fd =
where

Gp ar

dig

G, ar

ce

E, ar

D, is

std

D, is

as

y o ar

NOTE )i

The actions

G

G F (8.

+ 7evGy +7ep(Ee T 7¢pDe)

e actions due to the fixed load positioned such as to adequately represent their vertical and horizd
tribution; see 8.8.2;

e actions due to maximum or minimum variabledead, as appropriate, positioned at the most one
ntre of gravity location applicable to the configurations under consideration; see 8.8.2;

P metocean actions due to the extreme storm event; see 8.8.4 (E, = 0 for earthquake assessment);

hn equivalent set of inertial actions representing dynamic extreme storm effects; see 8.8.5 (D, =
chastic storm assessment according to 10.5.3);

essment; see 8.8.8;

e the partial action,factors, as given in 8.8.1.2 to 8.8.1.4.

and action effects to be included in the analysis are outlined in 8.8.2 to 8.8.8.

8.8.1.2 1

eference can be'made to Annex B, which contains all of the applicable factors for use in a site-specific analysis.

tors
r is

5-1)

ntal

fous

) for

an equivalent set of inertial actions induced by the ELE or ALE ground motion for earthqyake

‘wo=stagedeterministicstormanatysis

The partial action factors for the deterministic storm analysis described in 10.5.2 and A.10.5.2.2.3 are given below:

34

%G = 1,0 and is applied to the actions due to fixed load;

%y = 1,0 and is applied to the actions due to the variable load;

%g = 1,25 when applied to the actions due to the 100 year return period joint probability metocean data;

%E = 1,15 when applied to the actions due to the 50 year return period independent extreme metocean data;
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—  %p= 1,0 and is applied to the inertial actions due to dynamic response.

8.8.1.3  Stochastic storm analysis

As discussed in A.10.5.3.2, in a stochastic storm analysis the metocean wind wave and current parameters are
increased such that an action factor of 1,0 can be applied while achieving comparable global factored actions.
Consequently the stochastic storm analysis described in 10.5.3 is carried out using unfactored actions, resulting in
the partial action factors given below:

— %= 10and is applied to the actions due to fixed load;

— | %v=1,0and is applied to the actions due to the variable load;

— | %g = 1,0 when applied to the metocean actions derived from the factored wind, wave and currept metocean
parameters, see 10.5.3, A.10.5.3;

— | #%p =10 and is applied to the inertial actions due to dynamic response.

8.8.1.4 Earthquake analysis

8.8.[.4.1 The partial action factors for ELE analysis described in 10¢7 are given below:
— | % =10 and is applied to the actions due to fixed load;

— |7%v=1,0and is applied to the actions due to the variable load;

— | %E= 0,9 when applied to the ELE actions;

— |%p =10 and is applied to the inertial actions induced by the ELE ground motion (£, = 0).

8.8.1.4.2  The partial action factors for the'ALE are given below:
— | % =1,0and is applied to the actions’due to fixed load;

— |7%v=1,0and is applied to the'actions due to the variable load;
— | %g =10 when appliedto the ALE actions;

— | %p =10 and is applied to the inertial actions induced by the ALE ground motion (E, = 0).

NOTE The apparent inconsistency between the earthquake partial action factors is due to the differences ip the analysis
methods used.for/the ELE and ALE assessments. The 0,9 partial action factor in conjunction with the normal resi$tance factors
is taken from.JISO 19902. The 0,9 partial factor was determined in the API calibration of LRFD against WSD. The ALE action
factqr of4,0(is used in conjunction with a system survival assessment.

8.8.2 Functional actions due to fixed load and variable load

8.8.2.1 The actions due to fixed load (i.e. hull, legs, outfit, stationary and movable equipment) include:
— weightin air including appropriate solid ballast;

— weight of permanent enclosed liquid;

— buoyancy.
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8.8.2.2

weight

—  weight

The actions due to variable load, which comprises supplies or equipment that are expendable, readily
removable, or consumable during operations, include:

of liquid and solid stores;

applied drilling and conductor loads;

of readily removable equipment.

The actions due to fixed load and variable load shall be modelled to represent the correct vertical and horizontal
weight and mass distribution.

8.8.3 Hull
Hull sagging
shall be ver]
appropriate
8.8.4 Met

Wind action|

Wave/currd
vertical and

8.8.5
The applica
approach, t
determinist

approximat
the hull.

8.8.6 Larg

P-A effects
hull (sidewd

P-A effects s
8.8.7 Con

An explicit 1
the factored

sagging
F resulting from distributed actions and hull flexibility can impose bending moments on the leg

ified that the amount of hull sag-induced moment transferred to the legs in the analytical mod
given the operating procedures of the jack-up and site-specific conditions.

pcean actions

s on the legs and hull shall be modelled to represent their vertical and herizontal distribution.

s. It
el is

nt actions on the leg and spudcan structures above the sea floot, shall be modelled to represent their

horizontal distribution.

Inential actions

tion of inertial actions depends on the dynamictapproach adopted; see Clause 10. For the S
e inertial actions are applied as horizontal force(s) acting through the hull centre of gravity.
¢ storm analysis, with dynamics from a stochastic analysis, the forces are distributed to bg
e the dynamic overturning moment. Inertiakactions should not normally be applied on the legs bg

te displacement effects

ccur because the jack-up is a-relatively flexible structure and is subject to lateral displacement o
ys) under assessment actions (see 7.5).

hall be included in‘the structural analysis.
Huctor actions

hodel.ofithe conductor is rarely warranted. However, the top tension and actions on the jack-up du
hydrodynamic actions on the conductor(s) shall be included in the analysis, if applicable.

DOF
For
tter
low

the

eto

8.8.8 Earthquake actions

Earthquake actions shall include accelerations due to the fundamental modes of vibration as well as higher
frequency modes associated with the legs above and below the hull, and significant drilling facilities. In addition,
the local actions from soil movement on the spudcans and the legs should be considered, where relevant. The
associated inertial actions on all significant masses shall be taken into account.
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9 Foundations

9.1 Applicability

This clause addresses the geotechnical considerations, soil-structure interaction, capacity, stiffness and hazards
associated with the foundations that support independent leg jack-ups. Additional supporting information can be
found in I1SO 19901-4, however the provisions of this part of ISO 19905 should always take precedence in case of
conflict.

NOTE The foundations of mat-supported jack-ups are not specifically covered in this part of ISO 19905.

9.2]| General

Adefuate geotechnical and geophysical information as outlined in 6.5 and A.6.5 shall be jgathered pnd used to
assgss the spudcan penetration and foundation stability of the jack-up at the site. Applicable inforEation from
preyious operations, other surveys or activities in the area should be used in the @ssessment of the site. Soil
invgstigation shall be carried out for sites where the available data are inadequate ‘o not applicable.[See 6.5 and
A.6.p for details of the recommended geotechnical and geophysical information.

The
four
assq

The
use

9.3

9.3.

The
resy
non
the

e are two objectives of gathering geotechnical and geophysical infogmation. The first is to ens
dation is adequate to carry static, cyclic, and transient forces without'excessive settlement or mo
ssment shall consider:

the possible range of predicted leg penetrations;

the possibility of rapid leg penetration and/or punch-threugh;

likely scale of spudcan movements, e.g. due to consolidation, capacity exceedance;

the effects of cyclic loading;

the consequences of specific site conditiéns, such as are listed in 9.4.

second objective is to providetadequate information for foundation models of increasing sophi
n structural response analyses:

Geotechnical analysis of independent leg foundations

1 Foundationmmodelling and assessment

forces imposed on the foundation due to environmental actions are time-varying and random in|
onse to_the horizontal, vertical and rotational forces on the spudcan and the embedded portion
lineatsand hysteretic. The non-linearity of the foundation response can have a major effect on the|
Structure.

ire that the
vement. The

Stication for

nature. The
of the leg is
response of

Two types of structural response analyses use a range of foundation models and are carried out as described in
10.4.4. These foundation models can include major simplifications and the limitations of the models should be
understood by the assessor.

The foundation behaviour under the action of combined forces is appropriately described by a theoretical yield
surface in the vertical reaction, horizontal reaction and moment reaction (VHM) space. Foundation safety
assessment is achieved by comparing the imposed forces with the yield surface.

However, for structural response analysis, the foundation can be modelled as pinned or with a degree of
foundation fixity. Foundation fixity is the rotational restraint offered by the soil supporting the spudcan and shall
only be used in a model that also includes finite vertical and horizontal foundation stiffnesses. The degree of fixity
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is dependent on the soil type, the maximum vertical spudcan reaction during installation, the foundation stress
history, the structural stiffness of the jack-up, the geometry of the spudcan, the spudcan translational and
rotational displacements, and the simultaneous vertical and horizontal actions.

The structural response analysis shall be carried out using one of the following foundation models, which have
increasing levels of complexity:

pinned model: simple pinned foundation for all legs;

secant model: linear vertical, linear horizontal and secant rotational stiffness where the iterative reduction of
rotational stiffness ensures compliance with the yield interaction surface;

teraction model: non-linear vertical, horizontal and rotational stiffness model where the non-i
ur ensures compliance with the yield interaction surface;

yield in hear

behavi

um model: non-linear continuum foundation model coupled to the structure; thisdmodel shall jalso

for the load-penetration behaviour beyond the penetration achieved by preloading:

continy
accoun

The assessnjent procedures for each of these models are described in 9.3.6.

9.3.2 Leg

The purposg
assessment
excess of th

penetration during preloading

e of preloading is to develop adequate foundation capacity to resist the forces on the foundation du

eto

events. During preloading, the jack-up should normally be capablé of generating spudcan reactio

b maximum vertical reactions due to the factored actions determined in the assessment. Where there

F in

is insufficieft preload capacity to meet the assessment reactions, a lower preload can be acceptable when justified,

e.g. by the L

The methods for calculating ultimate vertical bearing capacity of a foundation in various types of soil

discussed in
sand is a (
assumption

properly reflected in the interpretation and reporting of the analyses. For the special case of carbonate matg

see 9.4.10 a

The predict
specified pr
computing {

The use of

theoretical
assessment

9.3.3 Yiel

bvel 3 displacement check in 9.3.6.

A.9.3.2. The gross bearing capacity formulae adopted are based on the assumption that penetratig
rained process, and penetration in clay ds) an undrained process. Cases that deviate from
shall be assessed using appropriate methods. Uncertainties regarding the geotechnical data shoul

nd A.9.4.10.

bd spudcan penetration is obtaifted from the bearing capacity versus spudcan penetration curve a
bload. Soil backfill directly/abeve the spudcan, composed of backflow and infill, shall be included w
he penetration.

these data duringdjack-up deployment provides essential information on the compatibility betw

hssessment and, operational reality. Where there is significant deviation, the validity of the
should be re-evaluated.

d interaction

The yield in

are
nin
this
d be
rial,

the
hen

reen
bite-

hent

teraction surface is used to describe the limiting combinations of vertical, horizontal and mon

loading that the soil at a given penetration depth can sustain without becoming fully plastic. When the yield
surface is transgressed, plastic deformation occurs and the spudcan reactions are redistributed.

During preloading, a significant volume of soil below the spudcan is made to plastically deform as the spudcan
penetrates, thus expanding its yield surface and increasing its capacity. During removal of the preload, the soil
unloads elastically and the foundation response is stiffer than during preload penetration. Provided the jack-up's
preload capacity is appropriate for a site's environmental conditions, the soil behaves in an essentially elastic
manner for most combinations of vertical, horizontal and moment loading that the spudcan experiences while on
site. Inelastic response occurs when the combination of vertical, horizontal and moment loading approaches the
yield surface; this is likely only for a few, if any, loading cycles during an extreme storm. Degradation can take the
form of a softened foundation, additional penetration or both.
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The yield surface can be described by the formulae given in A.9.3.3 for a range of soil types and embedments. The
weight of all soil backflow and infill on top of the spudcan shall be included in the spudcan vertical reaction to be

assessed against the yield surface.

For the case of layered soils, additional analysis should be performed to determine the appropriate yield surface.

9.3.4 Foundation stiffnesses

Foundation analysis under time-varying loading requires knowledge of the load-deflection behaviour of the soil.
This is usually described by spring stiffnesses in the vertical, horizontal and rotational modes. Initial stiffnesses, as

deqm-il».nA M AOQ22A41 canha actirmatad firam tha colutione for o ng{A clircular pqug on-an-alactic half
HheaHA—F=-4a4+—cahb HHateaH-oe—tr +HHeR S+ a—cH-eda—Ppat Hah-easHeHart

space using

the
cont
adjy

The
ana
stiff]

small strain shear moduli for clay (see A.9.3.4.3) or sand (see A.9.3.4.4) and Poisson's ratio; alt
inuum model can be used. The soil shear modulus is dependent on strain level; therefq
stments should be made for cyclic and dynamic loading.

reduction in stiffness as the spudcan reactions approach or exceed the yield surface .shall be inc|
ysis. There are different approaches to determining the softening of the stiffnesses. Where the
hess is not included in the soil model, the provisions of A.9.3.4.2.3 should be used to determine

rotational secant stiffness; the vertical and horizontal stiffness remain uncliahged. The stiffness

imp
A9.

Whyg
stiff]

The

9.3.

Whyg
usin
achi
mod
proy

The

occy
Bacl

9.3.

The

icit in fully coupled yield interaction models and in non-linear continuumfoundation models, as
8.4.2.4 and A.9.3.4.2.5, respectively.

n the foundation is comprised of layered soils, additional analysis ‘should be used to determine
hesses.

effects of soil-leg interaction for deep penetrations may be‘included. Guidance is given in A.9.3.4.6

b Vertical-horizontal foundation capacity envelopes

n the foundation is represented with the pinned or secant models, the spudcan reactions shall
eving compliance with the yield interaetion surface. Spudcan reactions resulting from responses
el with pinned foundations for all legssmay be assessed using the simplified preload and windwar
rided that the individual spudcan reactions satisfy the associated applicability requirements.

envelopes should be develdped using the applicable subclause of A.9.3.5. The weight of all soil

fill after preloading shall be considered when its effect is to increase the foundation utilizations.

b Acceptance/checks

overall jaeck~up foundation stability shall be assessed for the forces Fy; and Fy, and the moment A

eac

spudcansdue to the assessment load case Fj, using Levels 1, 2 or 3, as listed below (in order g

complexXity and reducing conservatism); see Figure A.9.3-17. If a lower level check fails to meet the
accqptance criteria given in A.9.3.6, a higher level check can be performed.

brnatively, a
re, suitable

uded in the
reduction of
the reduced
reduction is
discussed in

the effective

be assessed

g the vertical-horizontal capacity envelopés-For the secant model, this assessment shall be performed after

based on a
] leg checks,

backfill that

rs during preloading shall\bé included in the spudcan vertical reaction when evaluating the capacitly envelopes.

v acting on
f increasing
foundation

a) Level 1: Preload and windward leg check with reactions from a response analysis based on a pinned spudcan
model for all legs; Steps 1a and 1b shall both be completed for a Level 1 check:
— Step la: Foundation capacity check of the leeward leg based on the preloading capability (A.9.3.6.2), and
— Step 1b: Check of the windward leg (A.9.3.6.3).

b) Level 2: Foundation capacity checks. One of the following three steps shall be completed for a Level 2 check:

Step 2a: Foundation capacity check and sliding resistance check (A.9.3.6.4), based on the
horizontal reactions, assuming a pinned spudcan; or
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Step 2b: Foundation capacity check and sliding resistance check (A.9.3.6.5), based on the vertical,

horizontal and moment reactions from a spudcan model that includes rotational, vertical and horizontal
foundation stiffness with rotational stiffness reduction; or

Step 2c: Foundation capacity check (A.9.3.6.5), based on the vertical, horizontal and moment reactions

from a spudcan model that includes rotational, vertical and horizontal foundation stiffness with
reduction of vertical, horizontal and rotational stiffnesses. A Level 3 displacement check shall be
performed.

c)

fo
sli

Sté
ho

The maximy
expected on|

In Step 1a, 4
capacity is
submerged
backflow an|
leeward leg
sliding resis

In Step 23,
foundation
of the found
function of
spudcans arj

For Step 2b
foundation

for a spudcg
implicitly in

For Step 2c,
yield functid

When a Ley
calculate th

Step

indation capacity check ails an/ or a check of the effects of windward leg sliding when the L
ing check fails; or

p 3b: Numerical analysis of the complete jack-up and non-linear foundation coupled ‘in verf
Fizontal and rotational degrees of freedom, e.g. finite element approach.

m vertical reaction is expected to occur on the leeward leg. Likewise, the minimum vertical reacti
the windward leg.

Level 3: Displacement check (A.9.3.6.6). One of the following two steps shall be completed for a Level 3 check:

H the

el 2

ical,

nis

he preload check of the leeward leg is based on the assumption that the net ultimate vertical bearing

pqual to the maximum spudcan reaction during preloading. Care, shall be taken to account for
weight of any backfill, Wgg , that occurs after the maximum, preload has been applied. Typi
d infill after preloading, WBF’A is uncertain; for this reason, it should conservatively be included o1
but not on the windward leg. The check of the windward leg shall be performed to ensure that
tance is adequate under minimum vertical reaction conditions.

the
Fally
the
the

the combined vertical and horizontal forces on the‘spudcan shall be checked against the factgred

Fapacity of all legs and the factored sliding capacity of the windward leg. The vertical bearing cap3
ation is a function of the horizontal forces and\moments. The sliding capacity of the foundation
the vertical forces and moments. However, the moments are ignored in Step 2a analyses as
e considered to be pinned.

city
is a
the

the combined vertical and horizontal forces on the spudcan shall be checked against the factpred

apacity of all legs and the factored sliding capacity of the windward leg. The reactions are determ
n with "fixity" conditions whereby the interaction of moment with vertical and horizontal reactio
cluded through the use of the yield function.

ned
s is

the foundation capacity.and sliding checks are performed implicitly through the use of an unfactpred

n as described in A.9,33.

el 2a or 2b assesSment results in a foundation over-utilization, a Level 3 assessment can be us¢g
b associated\displacements. For all Level 2¢ analyses, a Level 3a assessment shall be performed.

d to
The

procedure ghall account for the redistribution of forces resulting from the overload and displacement of| the
spudcan(s).| The ‘aeceptability of structural utilizations, overturning utilizations, foundation utilizations [and
displaceme ting

displaceme

Jts shall be re-evaluated in accordance with the acceptance criteria in Clause 13. The resu

practical limitations for continued operations.

teed

Step 3a shall be accomplished by using the load-penetration curve to estimate the additional settlement for
leeward legs. Sliding of windward legs shall be investigated. Additional settlement and sliding cause the
magnitude and distribution of the foundation reactions to change. The effects on the structure shall be evaluated,
including displacement dependent effects. If the effects are significant the procedure shall be iterated.

Step 3b shall be performed using a structural model including non-linear response of soil and structure (large
displacement effects).

40 © 1SO 2016 - All rights reserved


https://standardsiso.com/api/?name=8527c9f5bb05f1c49fb3d22fe0c1b5c3

9.4

9.4,

IS0 19905-1:2016(E)

Other considerations

1 Skirted spudcans

Special consideration shall be given to the analysis of skirted spudcans including, but not limited to:

skirt penetration;

filling of any voids within skirt should partial penetration occur;

9.4.

Problems associated with positioning of spudcans\on a hard sloping stratum at or below the sea fl

carg
exp
stra
The

9.4.

The

spu
the

The
bec:
the

damj

frorE a site are referred X0 as footprints. The form of the depression depends on several factors

bearing capacity (whith cam exceed pretoad);
settlement, including consolidation of trapped soils;
moment capacity;

sliding resistance;

foundation stiffness;

drainage paths;

resistance to extraction;

soil trapped within the skirt after extraction.

P Hard sloping strata

fully considered. In this respect, a hard stratum is a soil layer where only partial spudcan pq
bcted and can be either a surface or a buried feature. Where a spudcan partially penetrates into a
fum, there is potential to generate eccentricity in the spudcan reaction, which should be taken i
Fe is also increased potential for slippage on sloping or undulating strata.

B Footprint considerations
depressions in the sea floor, or in harder layers within the seabed, that remain when a jack-up

can shape, the seil’conditions, the spudcan penetration achieved and the method of extraction. Th
ime period over'which the depression exists can also be affected by the local sedimentary regime.

positioning/of spudcans very close to, or partially overlapping, footprints shall be carefully consid

por shall be
netration is
hard sloping
hto account.

is removed
such as the
e shape and

ered. This is

use of-the difference in resistance between the original soil and the disturbed soil in the footprint
slope, at the footprint perimeter. The resulting leg displacements and/or eccentric spudcan loadi

area and/or
g can cause

age’to the jack-up. The situation can be complicated by the proximity of a fixed structure or wgllhead. The

interaction between a spudcan and a footprint is expected to be minimal when the edge-to-edge distance exceeds
one spudcan diameter, see Stewart and Finnie (2001), Cassidy et al. (2009), Gaudin et al. (2007) and Gan et al.
(2008).

9.4.4 Leaning instability

Leaning instability of jack-ups can occur during operations in soft clays where the rate of increase in bearing
capacity with penetration is small, leading to uncontrollable leg penetration. The potential for and consequences
of such instability shall be considered.
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9.4.5 Leg extraction difficulties

Prior to emplacement of the jack-up, consideration shall be given to potential leg extraction difficulties;

see A.9.4.5.

9.4.6 Cyc

ic mobility

Cyclic loads can cause a progressive build-up of pore pressures within the foundation soils and consequent soil
strength degradation (liquefaction). The effects can be either local to the soils under the spudcan or over a larger
area. Local foundation cyclic loading can be caused by the jack-up response to earthquakes, severe storms,

rotating ma
a large areq|
displaceme

The assessnpent shall consider the effects of cyclic loading on the stability and displacements of foundations.

9.4.7 Scour

When a spul
and current
spudcans th|
to potential

9.4.8 Spu

For jack-up
penetration
spudcan prq
and soil str
significant 1
necessarily

conditions dre encountered, then the assessor should report the possibility of induced actions on the pile(s).

Guidance re
pipelines an

949 Geo

Natural, shallow geological features and conditions such as faults, scarps, fluid expulsion features and gas-cha

or over-pre
foundation.
submarine §
These event

Shallow geq

Depending on the magnitude of pore
ts of the spudcans, which can be differential in some cases.

dcan is installed on the sea floor, its presence can cause increased local flaw velocities (due to v
that can result in the sea floor soils being eroded. The phenomenon\of/scour is observed arg

can interaction with adjacent infrastructure
can induce actions on the nearby piles. The maghitude of the soil displacement depends on
ximity (distance of the spudcan edge to the pile's dutside surface), the spudcan diameter, penetra
hteral actions on the pile are expected in a hemogeneous single-layer soil system. However, this ig

frue for a layered soil system. When the preximity is less than one spudcan diameter or layered

garding the analytical procedures, available for assessing these spudcan induced actions on p
d other adjacent infrastructuré:is'given in A.9.4.8.

hazards

bsurized sediménts can pose additional threats to jack-ups that are independent of the forces on
These geological hazards, collectively called geohazards, can result in unforeseen events suc
lides and-unicontrolled fluid releases that can adversely affect jack-up performance and/or stab
5 can be-triggered by natural phenomena such as earthquakes or by human activities such as drillil

hazard risk assessments are performed routinely in the offshore industry to safeguard well

yave

und

nt are embedded in granular materials at sites with high sea floor flow-velocities. If scour is recognlized
[y cause problems, then preventive measures shall be implemented_See A.9.4.7 for further guidanck.

h

5 located in close proximity to pile-founded structureSy soil displacements caused by the spudican

the
ion,

ntigraphy. If the proximity of the spudcan to the“pile is greater than one spudcan diameter, thep no

not
soil

iles,

rged
the
h as
lity.
Ng.

and

geotechnica

drittingoperations fronrsubsurface razards suchas shattow gas—However; itisimportant that=a

re-

installation shallow hazard assessment for a jack-up consider the overall geological setting and all the geohazards
that can threaten the jack-up or its operations while on site. This work should be conducted and assured by
competent geohazard specialists. Further information is given in A.9.4.9.

9.4.10 Carbonate material

Carbonate materials can exhibit unexpected behaviour and should be addressed with care (see ISO 19901-4).
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ISO 19905-

Structural response

10.1 Applicability

1:2016(E)

The response of a jack-up is determined by applying actions in accordance with the assessment load case F, (see
8.8) to the structural model to determine displacements, internal forces in components and reactions at the
foundations. Responses shall be compared with resistances to determine the utilization of the jack-up structure

and

its foundation; acceptance criteria are given in Clause 13.

This clause presents methods for calculating the response of a jack-up including static and dynamic effects. This

cla
stiff]
acti

10.

Acti

Acti
typi

10.

A ja
asse

T G}DU }Jl CDClltD d dio\,uooiuu Uf thc ;lllyultﬂllt }Jal GlllCtClD focbt;lls thC d_yllalll;\, ICDPUIIDC, ill\,}
hess and damping. Actions are presented in Clause 7. Stiffness and mass modelling and the\@y
ns are addressed in Clause 8. Foundation modelling is addressed in Clause 9.

P General considerations
bn effects required for the assessment of jack-ups in the ULS typically include:

component forces that shall be checked to determine the adequacy of individual structural compo

displacements to check for interaction with adjacent structures)

bn effects required for the assessment of jack-ups in the /FLS, when applicable for long-term
rally include local cyclic stresses which shall be checked®o assess fatigue damage (see Clause 11).

B Types of analyses and associated methods

ck-up shall be assessed for the in-placelelevated storm mode. Additionally, in unusual cir
ssments for fatigue resistance, accidental-situations, earthquake and abnormal environmental ey

required.

Diff

erent methods of analysis can_be used for the various limit states to be considered. The method

include:

deterministic two-stage‘analysis, in which the responses of the jack-up are determined by analy
combination of actions for each assessment situation;

stochastic one-stage analysis in which extreme values of the responses of the jack-up are
statistically{by analysing multiple combinations of (environmental) actions for each assessme
Because of the inherent non-linearity of jack-ups, stochastic analyses are performed in the time d

ding mass,
plication of

nents;

foundation reactions that shall be checked to determine foundation pesformance and global stability;

operations,

cumstances,
rents can be

5 of analysis

Eing a single

determined
ht situation.
main;

ultimate strength analysis in which the collapse strength of the jack-up structure and its fo

détermined.

L]ndation are

Table 10.3-1 summarizes the analysis requirements for different assessment situations. The analyses shall
consider the parameters discussed in 10.4.
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Table 10.3-1 — Analysis requirements for different assessment situations

Deterministic analysis Stochastic analysis Ultimate strength
In-place - - — - analysis
elevated mode Linear Non-linear Dynamic linear Dynamic
non-linear
Ultimate and Generally outside the
serviceability scope of this part of
limit states (ULS See 10.5,A.10.5.2 and A.10.5.3 1SO 19905,
and SLS) See 10.9
Fatigue limit See10-6 otapphicable See10-6 Jotapphicable notapphicably
state (FLS) ' PP ' L L
. Appropriate, but . Appropriate, but | Generally outside the
Accidental limit A?;;%ir::g’u?m outside the scope Apprgg;l;’cee, but outside the scope | scope of this parf of
state (ALS) conservativey of this part of conservative of this part of 150 19905.
ISO 19905 ISO 19905 See 10.8
Generally outside the
Earthquake Appropriate, but outside the scope of\ 1" scope of this parf of
(ULS or ALS) See 10.7and A.10.7 this part of ISO 19905 ISO 19905. Se
A.10.7.4
10.4 Common parameters
10.4.1 Genpral
A description of important parameters that are applicable to all analysis methods is given in 10.4.
10.4.2 Natural periods and affecting factors
10.4.2.1 (eneral
The estimatjon of natural periods is critical for the determination of the structural responses because jack-upq can
exhibit sigrlificant dynamic effects. As a.result, the dynamic responses can differ markedly from the static

responses.

implication pn the accuracy of the analyses.

Determining the correct naturalperiods depends upon accurate estimates for:

— the watler depth and hullelevation;

— leg penptration ahd nature of the foundation; and

— the magnitude and location of masses associated with actions due to fixed load and variable load.

he assessment of responses)shall consider the possible variation of the natural periods and its

10.4.2.2 Stiffness

The overall stiffness of the jack-up shall be determined including the hull, legs, leg-to-hull connection, foundation
and the P-A geometric effects as defined by the modelling practices in Clause 8. A range of stiffness values should

be considered if stiffness information is not well defined.

10.4.2.3 Mass

The mass model shall include contributions from structural, non-structural and added masses (see 8.7).

44
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For all analysis types, the most likely mass distribution should be considered, e.g. the position of the cantilever,
the distribution of the variable load, and the level of marine growth. A range of values or distributions should be
considered if mass information is not well defined or when the tolerances on the known position are significant.

10.4.2.4 Variability in natural period

The variability in natural period shall be considered. There are several factors that can cause variability in natural
periods including stiffness non-linearities in the structure and foundation. The natural periods of the jack-up are a
function of the static and time-varying response due to non-linearities in the structural and foundation behaviour.
Structural non-linearities can result from stiffness changes (gap impact, yielding, etc.). Foundation non-linearities

can

result from r‘hdngnc in-stiffness as a3 function of the force level with vacpnl‘f to-the }n'a]r] cur‘:')l‘e and force

revg
the
effe

NOT]

10.4

Can
the
rei

can

The
A.6.

In a
Thig
peri

10.4

Con
damj
deg
leve

10.4

The
way

0
cre
reinforcement occurs when the crest of successive wave cycles are at the legs. Subsequent o

rsal (hysteresis). For example, the variability in natural period should be taken into account wh
evels of fixity to use in the analysis as it can affect the influence of wave reinforcement and/or
Cts.

F The calculated natural periods can vary considerably between linear elastic and non-littear analyses.

}.2.5 Cancellation and reinforcement

Cellation is the situation where, due to the spacing between the jack-up\légs with respect to the y

wave action on the jack-up is close to zero over the complete wave cycle. The primary par
rcement and cancellation effects are the wave length and the leg{spacing. First cancellation occy
and trough of the same wave cycle are at two legs (leg.Spacing one half of the wave Ig

ellations and reinforcements occur at progressively shorterperiods.

wave period used in the deterministic extreme sterm analysis shall be chosen with the rar
t.2.3 to minimize the effects of cancellation.

random wave dynamic analysis, wave action cancellation can significantly reduce the dynamic a

effect should be minimized by adjusting the natural period of the jack-up to be away from the
ods.

}.3 Damping

fributions to the system,.damping include foundation damping, hydrodynamic damping an
ping. Non-linear behaviour-of the foundation and the jacking system also contributes to system d

| of system response:

.4 Foundatiens

analysis-ef'the structure and the assessment of the foundation can be performed essentially in t
S.

en selecting
cancellation

vave length,
ameters for
rs when the
ngth). First
rder period

ge given in
plification.

cancellation

l structural
hmping. The

ee to which each of these contributions affects the system damping depends on the type of anallysis and the

vo different

Fat - =l h - - - 1 Lanil rad - 1 1 1 h | - h Nl :
Optromr IDetermmmrstic two=stage approacit. T ITe st stage Is to taltulate tire Uy Iraric anmpiieation factor

and inertial loadset, often using linearized analyses. The foundation and structural assessment is then
performed using a quasi-static iterative or elasto-plastic analysis technique, for which the dynamic actions

are approximated by the pre-determined inertial loadset.

Option 2: Stochastic one-stage approach, where dynamic structural analysis and assessment is performed
using one model. Here, a fully detailed non-linear time domain stochastic analysis is performed taking into

account the elasto-plastic behaviour of the foundation.

© ISO 2016 - All rights reserved

45


https://standardsiso.com/api/?name=8527c9f5bb05f1c49fb3d22fe0c1b5c3

ISO 19905

10.4.5 Stor

-1:2016(E)

m excitation

Wind, current and waves all contribute to the storm excitation. The primary source of dynamic excitation is from

the fluctuati

ng nature of waves.

As waves and currents interact, these two metocean factors should be considered in combination when generating
time-varying hydrodynamic actions in accordance with Clauses 7 and A.7.

Various mean wave directions shall be considered. The effect of wave spreading around the mean direction may
be taken into account, provided reliable information is available.

When using
considered

Sea states
resulting in
periods clos|

10.5 Storm analysis

10.5.1 Gen|

A jack-up rg

pral

o determine the most onerous combination (see A.7.3.1.1).
yith a peak period close to the natural period of the jack-up can give larger dynamic amplific

larger responses in lower sea states than the extreme storm event. Therefore,-waves with
e to the natural period of the jack-up should be considered (see A.6.4.2.9).

sponds dynamically to time-varying wave actions (see 10.4.5-and A.10.4.5). This behaviour sha

modelled a

determined|by a two-stage deterministic or by a one-stage stochastic analysis procedure. Static actions du
fixed loads, yariable loads and wind actions shall be combined with the time-varying wave and current actions

A two-stage|deterministic storm analysis involves developing static metocean actions and an inertial loadset.
inertial loadset can be developed from either a classical SDOF-analogy or from a random dynamic analysis, in
cases through the development of a DAF (see 10.5.2). The inertial loadset shall be applied to be in phase with,
to increase the response to, the metocean actions as oneof the loadcases. When the natural period divided by
apparent wave period is greater than 0,9, caution.shall be exercised and additional loadcases for different ine
phases should be considered.

A more detd
can also be

actions fron} which the most probable'maximum extreme (MPME) responses are calculated; see 10.5.3.

Action effed
maximize le|

Table 10.5-1
analysis.

10.5.2 Twqd

propriately in the analysis by including the static and dynamic contributions. These effects ca

iled time domain stochastic stexm analysis procedure, in which inertial actions are directly inclyj
1sed. This analysis predicts.the combined static and dynamic response of the jack-up to random ¥

ts due to leg inclination shall be combined with action effects due to the extreme storm ever
p and holding system strength utilizations.

summarjzegthe two approaches to incorporating foundation response (10.4.4) and dynamics i

-stage deterministic storm analysis

joint probability metocean data, all relevant combinations of wind, waves and current shall be

tion
eak

1 be
h be
e to

The
both
and
the
rtial

ded,
Jave

tto

the

The most common method of analysis adopted for the determination of the extreme response is the deterministic,
quasi-static wave analysis. This method does not reflect the random nature of wave excitation and assumes that

the extreme

responses are uniquely linked to the occurrence of a single and periodic extreme wave.

Deterministic responses are normally calculated by time stepping the single and periodic extreme wave through
the structure. The extreme responses are determined from:

the acti

the tim

46

ons due to fixed loads, variable loads and wind actions;

e-dependent, but quasi-static wave/current actions;
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The actions of the first and second group shall be determined in accordance with Clause 7.

Table 10.5-1 — Methods of extreme storm analysis

Two-stage One-stage
deterministic storm analysis stochastic storm analysis
Parameter Stage 1
Determine DAF . Stage 2 sl Multiple random time
Single deterministic .
. —domatmrsimmulations
storm analysis
DAF,SDOF DAF,RANDOM
Waye/current . Ra“d‘?“.“ . Random
not applicable (superposition of High order regular wave ) .
actions . (linear or higher order)
linear components)
Time d . Inertial loadset determined
Dyfamics Formula (A.10.5-1) slir:lila(')c;g?llsn by means of Time domain sjmulations
(see A.10.5.2.2.2) (see A.10.5.2.2.3) K. esvor O Kot anvon (see A.10}5.3)
(see A.10.5.2)
Wilrd actions not applicable Ignore Quasi-static Quasi-sthtic
Fodndation Linearized Linearized Non-linear Non-lingar
. Non-linear
Structure Stl_ffness from or calibrated Non-linear Non-lingar
non-linear structure .
to non-linear

Output DAESDOF DAFRANDOM (Global) responses (Global) responses

The|inertial actions induced by time-varying wave and current actions are approximately repres¢nted by an
inerftial loadset. The magnitude of the inertial loadset is determined from a DAF and the quasi-static wave/current

acti

ns. Methods of calculating the DAF incltade:

— |a classical single degree-of-freedom analogy;

— | determining the ratio of dynamic and quasi-static responses from random dynamic analyses.

A.1(.5.2.2.3 gives load eases that should be considered when Kpjp panpom IS used to determine|the inertial
loadset in a two-stagé-analysis. The first load case, Formula (A.10.5-4), is always required. When (T, / Tp] >0,9,
addltional load cases’should be considered such as the three shown in A.10.5.2.2.3, Formulae (A.10.5-5) to

(A.10.5-7).

Whén determining DAFs, P-A effects shall be included in both the quasi-static and the dynamic analyses and the

confribution of the P-A effect to the overturning moment shall be included in the overturning moment

10.5.3 Stochastic storm analysis

In the stochastic method, one or more random dynamic analyses are performed for a given sea state or for a range
of sea states. As the stochastic wave and current excitation varies with multiple realizations of a sea state, the
extreme responses in each realization also vary. The most probable maximum extreme response can be
determined through statistical analysis of one or more simulations.

In each simulation, the actions due to fixed loads, variable load and wind actions are combined with the time-
varying wave/current actions. The actions shall be determined in accordance with Clause 7. The influence of

dynamic effects is inherently included in the results of the dynamic stochastic analyses.
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When undertaking a fully integrated dynamic stochastic analysis that directly results in a time history of
structural and foundation utilizations, it is necessary to determine the MPME of each utilization.

The action factors on metocean actions for this analysis method are set to 1,0 according to 8.8.1.3. However, the
metocean parameters (i.e. wind velocity, wave height and current velocity) shall be factored instead; see A.10.5.3.

NOTE The inclusion of action factors not equal to unity is complex and open to physical inconsistencies and
misapplication. The more logical approach of applying partial factors to the metocean parameters has been adopted for fully
integrated dynamic stochastic analyses. However, the partial factors on metocean parameters for stochastic analysis used for

determining the DAF are set to unity.

10.5.4 Init{al leg inclination

The initial |eg inclination resulting from guide clearances and from the permitted hull inclination)resulfs in

additional l¢g moment. If the initial leg inclination is explicitly modelled, the additional moments are inhergntly

included in the results.

If the initia] leg inclination is not explicitly modelled, the member forces and holding system forces from| the

analysis acdording to 10.5.2 or 10.5.3 shall be increased to account for the effect of the additional leg morhent

prior to undertaking the structural strength checks; see A.10.5.4.

In all cases, [the direction of the moment shall be such as to maximize the utilization checks in way of the hull;|this

can be achigved simply by considering the base of the legs to be offset in the up*wind direction.

10.5.5 Limjt state checks

Limit state dhecks shall be performed for:

— strength of leg members, particularly in the vicinity ofsthe upper and lower guides and adjacent to lgg to
spudcah connections;

— strength of the holding system. Hull strength and jackhouse to deck connections are considered to be covered
by clasgification unless special circumstances dpply;

— overtuyning stability and spudcan sliding;

— spudcah strength and foundation bearing capacity.

Checks shall be performed for a range of sea state directions to determine the maximum limit state utilizationg.

See also Clapises 9, 12 and 13:

10.6 Fatigue analysis

A fatigue analysis(isS normally undertaken during the jack-up design phase. For jack-up operations of shdrter

10.7 Earthquake analysis

An earthquake assessment shall be performed for sites where the ISO 19901-2 seismic zone is 2 or above. It is not
necessary to perform an earthquake assessment for seismic zone 0. For seismic zone 1, an earthquake assessment
should be considered when any of the following conditions apply:

sites with the potential for cyclic mobility (e.g. liquefaction) (ISO 19901-2 site class F);
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— sites with the potential for unacceptable additional leg penetrations if the preload reactions are exceeded
(settlement limits can be reduced when operating adjacent to other structures);

— jack-ups where the ratio between the individual leg preload reaction at the seabed and the maximum still
water operating reaction at the seabed is less than 1,25.

In such cases, the structure shall be assessed to the ULS for strength and stiffness, when it is subjected to
earthquake actions derived from the uniform hazard spectrum for a return period of 1 000 years. Guidance on
1 000 year earthquake response spectrum criteria can be found in ISO 19901-2. In this kind of earthquake, the
jack-up should sustain little or no damage.

If thie jack-up does not satisfy this 1 000 year ELE screening to ULS assessment criteria, the alternative assessment
methods (see 10.9) in combination with ISO 19901-2 shall be used to evaluate compliance with the| earthquake
performance requirements. In this case the jack-up is acceptable if the assessment demonstfates that structural
failyres causing loss of life and/or major environmental damage do not occur under any of the earthquake events
congidered, although in some cases considerable structural damage can be sustained.

Sinde it is not possible to ready the jack-up for an earthquake, it is important to consider all reasonaljle mass and
operating configurations.

NOTE A low mass tends to lead to a shorter natural period and, hence, greater amplification. A higher mags results in a
longpr period, but can be associated with greater lateral forces depending on thé.reduction in the transverse acfelerations in
compination with the increased mass.

The| assessment model shall include a realistic range of <spudcan-soil modelling that encompasses the
uncértainties in foundation stiffness and capacities; see%'816.3. Where the penetration predictions vary
signlificantly, the range shall be considered. A pinned spudcan model, in general, produces an ungonservative
repfesentation of the earthquake demand on the jack-up:

At sjtes where cohesionless soil conditions dominate;’the possibility of earthquake-induced soil liquefaction shall
be cpnsidered.

10.8 Accidental situations

Accidental situations are not normally addressed as part of an assessment unless specifically required by the
jacktup owner, operator or regulator (see also 5.3).

10.9 Alternative analysis methods
10.9.1 Ultimate strength analysis

An yltimate strength analysis is intended to identify the collapse strength of the jack-up structure and foundation
undpr applied.actions. For manned situations, the acceptance criteria are typically set by the regulator. For
unnjanned;/de-manned situations, the acceptance criteria shall be agreed between the operator and| the jack-up
owrler-'Th.some areas of the world, the analysis can entail:

— assessing the jack-up for abnormal wave condition to demonstrate survivability (e.g. for a 10 000 year return
period in the North Sea);

— scaling the extreme storm actions until failure is predicted to occur, to meet a target reserve strength ratio
(e.g. Gulf of Mexico fixed structures; see ISO 19902:2007, 9.10.2);

— performing time-history analyses for the ALE (see [SO 19901-2).

The uncertainties associated with foundation capacity can be significantly greater than those associated with the
ultimate strength of the structure. In performing ultimate strength analyses, it is, therefore, important to make
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this distinction and to evaluate both structural and foundation failure modes. Therefore, the following strategy is

recommend

a)

ed.

structural steel properties and soil properties.

b)

Structural or foundation failure should be identified using an analysis based on mean (or best estimates) of

Where foundation failure occurs before structural failure, structural failure should be determined assuming a

foundation capacity based on upper bound or, if necessary, artificially strong, estimates of soil properties.
This should provide an assessment of the steel structure strength.

Ultimate strength evaluation is used to estimate the most likely collapse strength of a structure with partial

resistance fictors set to 1,0. Due to the absence of partial resistance factors, an ultimate strength evaluation §
be interpreted and used with care.

10.9.2 Typ

Methodolog
actions and

11 Long-

11.1 Appl

When a jack
assessment

The specifid
be investiga

11.2 Asse

In addition
are required

the dur

alisto
endura
the lim
conduc

the dey
operati

ked.

s of analysis

y for performing an ultimate strength analysis can be found in ISO 19902. Thedeterminatio
foundation properties shall be in accordance with this part of ISO 19905.

term applications

jcability

-up is to be operated at one particular site for longer than the special survey period, the site-spe
shall be supplemented by the provisions of Clause 11 and RCS requirements.

requirements of the jack-up owner, operator and regulator related to the long-term application j

ssment data

fo the data normally required for short-term assessment, further data associated with long-term
. These data shall include:

ation for which the jack-up-is.intended to be on site;

" modifications to the-jack-up, which affect the time-varying actions, structural resistance or, fat
hce of structural compenents;
tations on the ability to re-level the hull and maintain hull elevation, e.g. in connection with suppo
fors;

hall

n of

cific

hall

use

gue

rted

iations_from the standard operating and elevated storm mode configurations given in the mdrine
pns manual;

the me

the geo

otherd

50

technical data required for the assessment of long-term operations;

ata required for fatigue assessment (see 11.3.1).

the expected accumulation and vertical distribution of marine growth and relevant mitigation procedures;
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11.3.1 Fatigue assessment
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The remaining fatigue life of all relevant structural components shall be shown to be adequate for the planned
period on site. In the assessment, any fatigue damage contributions from the jack-up's prior service shall be taken
into account; historical jack-up and site data shall be requested from the jack-up owner. In view of the inherent
uncertainty of fatigue life assessments, a margin of safety shall be applied through a fatigue damage design factor
(frp)- See A.11.3.1 for further details.

The
two

11.3

Cha
assu

11.3

Ade
give

11.3

The

11.3

The

11.

Sury

parttal action factors Used for fatiglie analysis can be reduced to Unity Witen USIng S-NCUrves at
standard deviations of log(N).

.2 Weight control

hges in weight during the long-term operations shall be monitored to ensure compliance with the
mptions. A sufficient allowance for weight growth shall be included in the assessmeént.

.3 Corrosion protection

uate corrosion protection shall be implemented to cover the entire duration on site. Special atten
n to corrosion protection in the splash zone.

.4 Marine growth

assessment shall include the effects of the long-term,aceumulation of marine growth.
.5 Foundations

assessment shall include consideration of the'potential for and effects of

settlement under extreme storm actions;

long-term foundation settlement;

seabed subsidence, e.g,.due‘to reservoir depletion;

scour;

seabed mobility:

i Survey requirements

reySare required to ensure that the integrity of the jack-up is maintained during the long-term ap

mean minus

assessment

tion shall be

plication. As

ami
a)
b)
The

nimum, the jack-up owner shall develop a plan which includes the following surveys:

a special survey prior to deployment on site;

project specific surveys in accordance with an in-service inspection programme (PSIIP).
PSIIP required for long-term operations shall be developed based on:

RCS requirements;

the jack-up's prior operating and inspection history;
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the assessment results for the expected operations.

Sea floor surveys shall be included in the PSIIP for sites where scour and/or seabed mobility are known to occur.

If changes to the initially planned duration are proposed by the operator, the jack-up owner should document that
the jack-up has sufficient remaining fatigue life, and approval should be obtained from the RCS and regulator.

12 Structural strength

12.1 Applfcability

|

12.1.1 Gengral

This clause
is given for
spudcan ar

Formulae fqg
in accordan

A suitable method for carrying out the required calculations is given in A=12. The resistance factors givel

Annex B ard
methods are

RCS require
material pr
legs (e.g. ja
example, w,
approved by
vertical and
necessary tg

12.1.2 Tru

The require
strength of
Chords and

12.1.3 Oth

Some of th

brovides the basis for the determination of the structural strength of truss type legs.limited guid
ther leg types. The strength of the fixation system and/or the elevating system andthe strength o
normally provided by the manufacturer.

r the required strength checks are given in this clause, which result in stfuctural strength utilizat
re with Clause 13.

specifically tied to the calculation methods presented in A{22”and shall be re-calibrated if of
used.

ments cover the design, construction, and periodic sur¥ey of the jack-up and address issues, sud
perties, fabrication tolerances, welding, construction-details and parts of the jack-up other than
ckhouse and hull structure) which are not normally addressed in a site-specific assessment.
hen the forces within the fixation system are“within the limits set by the manufacturer and
r the RCS, no additional assessment is required of the hull and jackhouse. Similarly, if the foundati
rotational reactions on the spudcan are within the structural limits set by the manufacturer, it is
check the strength of the leg to spudcan'connection.

s type legs
ments set out in Clause 12 relate to chords and braces of truss type legs. Weld sizes, gusset plates

oints, etc., are covered by RCS requirements, and should not control the overall structural integ
braces are covered in-12.2 to 12.6.

b1 leg types

e checksiincluded in Clause 12 are applicable to either tubular or box-type legs, but for t

configuratig
e.g. Americ

i

Veritas referenees DNV RP-C201 (2004) and DNV RP-C202 (2002).

ns, CGlause 12 should be supplemented with other documents to address stiffened sect
Petroleum Institute references API Bulletin 2U (2004) and API Bulletin 2V (2004) or Det No

hnce
Fthe

lons

n in
ther

h as
the
For
are

on's
not

the
rity.

hese
ons,
'ske

12.1.4 Fixation system and/or elevating system

Strength of the fixation system and/or the elevating system is normally supplied by the manufacturer. The
manufacturer's data should represent the unfactored ultimate strength of the system(s) normally given separately
for the vertical and horizontal directions.
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12.1.5 Spudcan strength including connection to the leg
The strength of the spudcan is normally supplied by the manufacturer. The manufacturer's data are expected to

represent the unfactored ultimate strength of the spudcan and spudcan to leg connection, normally given for all
applicable vertical and horizontal forces, and for moments about the horizontal axes.

12.1.6 Overview of the assessment procedure

The basic approach consists of the determination of:

laccifs Fiopn of oo lbar cxocce cactioac (19 I
=7

elassifieation-of membereross—sections{12-
— |section properties of non-circular prismatic members (12.3);
— | Euler amplification of member forces (if not included within the structural analysis) (12.4);

— |strength of lattice leg members [tubular members (12.5), and prismatic members in truss type [legs (12.6)];
and

— |strength of joints (12.7).
12.2 Classification of member cross-sections

12.2.1 Member types

The| methodology used to classify member cross-section$’is different for circular cross-sectiong of tubular
merhbers and for all other cross-sections of prismatic members. Longitudinally reinforced tubulars gnd tubulars
with pin-holes, cut-outs, etc., shall be considered to benon-circular prismatic members.

12.2.2 Material yield strength

The| material yield strength used in the‘member classification and the calculation of member strgngths shall
cortjespond to the value at 0,2 % strain offset from the initial linear stress-strain behaviour. A lesser vilue shall be
usedl when the material does not exhibit sufficient work-hardening.

12.2.3 Classification definitiens

The| strength of a steel eross-section is affected by its potential to suffer local buckling when gubjected to
compression due tora,bending moment or an axial force, or a combination thereof. By classifying cr¢ss-sections,
the fequirement to/eXplicitly calculate local buckling strength is avoided.

For |non-circular prismatic members, the components and cross-sections are classified as plastic, compact, non-
compact (or*semi-compact) and slender, in order of decreasing strength. When a cross-section is djomposed of
compenents of different classes, it shall be classified according to the class of its component(s) with the lowest
strebhgth _in comnpression ende amponen aithin 2 oss-section can he ignored pravided that only the

remaining cross-section is used for all aspects of the assessment. The following classification shall be applied.

— Class 1 Plastic: Cross-sections with plastic hinge rotation capacity. Compliance with this classification enables
a plastic hinge to develop with sufficient rotation capacity to allow redistribution of moments to occur within
the member. All plastic sections are inherently compact.

— Class 2 Compact: Cross-sections with plastic moment capacity. Compliance with this classification enables the

full plastic moment capacity of a cross-section to be developed, but local buckling prevents the development
of a plastic hinge with sufficient rotation capacity to permit plastic assessment.
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Class 3 Non-compact (or semi-compact): Cross-sections with between full yield moment capacity and plastic
moment capacity. Compliance with this classification enables the yield stress to be realized at the extreme
compression fibre, but elasto-plastic local buckling prevents development of the full plastic moment capacity.

Class 4 Slender: Cross-sections that buckle locally before the yield stress can be achieved. A cross-section is
classified as slender if any of the compression components of the cross-section does not comply with the

limits for non-compact components.

There is no requirement to classify tubular member cross-sections to the same extent as non-circular prismatic
member cross-sections other than to identify those tubulars for which plastic hinge rotation capacity is possible

(i.e. class 1)WMWMWWWMMMM
buckling, whether plastic or elastic.

12.3 Sectipn properties of non-circular prismatic members

12.3.1 Gengral

ocal

The requirgments in 12.3 apply to rolled and welded non-circular prismatic members.comprising one or more

componentq, such as can be found in a chord section of a jack-up leg. Their cross-sectional properties shall be
determined|as described in 12.3.

Cross-sectignal properties of tubular members are included within the détérmination of their strength [and
addressed i 12.5.

12.3.2 Plastic and compact sections

For class 1 [plastic and class 2 compact sections, section propeérties can be determined assuming fully plastic
properties.

Where elastiic section properties are determined for class 1 and 2 sections instead of plastic section properties,
these can bqg based on a fully effective cross-section and shall then be treated as for class 3 sections.

12.3.3 Senti-compact sections

Section properties for class 3 semi-compact sections shall be based on elastic properties assuming fully effegtive
cross-sectiops. When considering a cfoss-section comprised of components having different yield strengths| the

critical stregs locations shall be evaluated as these do not necessarily coincide with the minimum section modulus

or the princ]pal axes.
The strength check is based'en an interpolation between class 2 plastic capacity and class 3 elastic capacity.

NOTE The critical(stress locations are typically at the edges of the components and are a function of the member fo
the yield strehgth of the*component and its position within the cross-section of the member.

12.3.4 Slendepsections

rces,

Cross-section properties for class 4 slender sections shall be determined using elastic principles. When the stress
across the entire section is tensile, the full section may be used. If any part of the section is in compression, the

sectional properties shall be reduced as required based on effective sections (see A.12.3.5).

12.3.5 Cross-section properties for the assessment

The nomenclature and selection of variables for use in the assessment of members are summarized in A.12.3.5
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12.4 Effects of axial force on bending moment

The moment resulting from the eccentricity between the elastic and plastic centroids of class 1, 2 and 3 sections
shall be included in the assessment moment; this can occur in sections that include components of differing yield
strengths. Similarly, for class 4 sections, there is an eccentricity between the full elastic centroid that is used in the
structural response analysis and the centroid of the reduced section that is used in the member strength check.
This moment correction shall be included for members in both tension and compression.

Euler moment amplification, or p-6 effects, shall be included for members in axial compression. When p-6 effects
are not included in the structural response analysis, they shall be included in the strength checks. The effective
length factors and moment reduction factors (C.) for use in strength checks are listed in Table A.12.4-1.

Altefrnatively, they can be determined using a rational analysis that includes joint flexibility and sidezsyvay.

It is|mentioned that, traditionally, the effects of Euler amplification are included in the strength checlfs. However,
somle analysis results implicitly include the effects of Euler amplification. The assessment should|include the
effe¢ts of both the global large displacement effects (P-A) and the local member moment.amplification (p-8. Large
displacement effects (P-A) are addressed in Clause 8.

12.5 Strength of tubular members

The|strength of tubular members shall be checked for combined axial forces and bending, and fofr shear and
torsfonal shear.

The|requirements given in 12.5 ignore the effects of hydrostaticpressure. The validity of this assumpfion shall be
chegked for all sealed tubular sections (see Table A.12.5-1).

12.6 Strength of non-circular prismatic members

The|strength of non-circular prismatic members shall be checked for combined axial forces and bending, and for
shegr and torsional shear.

The|requirements given in A.12.6 ignore.the effects of hydrostatic pressure. The validity of this assumption shall
be checked for all sealed non-circular ptismatic members (see Figure A.12.6-1 and Table A.12.5-1).

12.} Assessment of joints

Joinf strength is normally addressed by the RCS for the metocean conditions given in the operations njanual. If the
assgssor has concerns that the site conditions lead to joint loads that exceed those assessed by the RCS, joint
strepgth shall be assessed.

13 |Acceptance criteria

13.1 Applicability

13.1.1 General

This clause defines the criteria for checking the acceptability of a jack-up for operation at a specific site for the
various limit states.

The partial action and resistance factors set out in the acceptance criteria have been developed in conjunction
with the analysis methodology set out in the rest of this part of ISO 19905 and are valid only if used with this

methodology. The factors do not necessarily provide adequate reliability if used with other methodologies.

The criteria for checking the acceptability of a jack-up include consideration of the following issues:
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— structural strength of legs, spudcan, and holding system (13.3, 13.4, and 13.5, respectively);
— hull elevation (13.6);

— leglength reserve (13.7);

— overturning stability (13.8);

— foundation integrity including preload, foundation capacity, sliding displacement, settlement resulting from
exceedance of the capacity envelope (13.9);

— interactiomwithradjacentinfrastructure t137107;
— temperpture (13.11).

The assessment checks for structural strength, overturning stability and foundation integrity for each limit qtate
and assessnjent situation are based on a utilization parameter as described in 13.2.

13.1.2 Ultimate limit states

The assessnpent of the ultimate limit states (ULS) shall ensure that the acceptance criteria are not exceeded infany
of the applidable assessment situations; see 5.1, 5.3 and 5.4.

The integrity of the foundation is central to the site-specific assessment of ajack-up.
Areas on jadk-ups that are often critical with regard to structural strength are the legs at the lower guides, thel|legs
between gufdes, the pinions and/or rack teeth, the fixation systenpand/or fixation system supports (if fixdtion
system is fitted) and the leg to spudcan connection. Where there‘is\a degree of foundation fixity, the lower parfs of
the leg shall be checked assuming an upper bound fixity.value. Foundation fixity shall be included in|the

evaluation df the upper leg only when an applicable and detailéd foundation study has been made.

Compliancelin whole or in part can also be demonstrated through comparison with prior assessments condufted
in accordange with the provisions of this part of ISO19905.

13.1.3 Seryiceability and accidental limit states

Serviceabilify limit states and accidental limit states are discussed in 5.3.

13.1.4 Fatigue limit states
For jack-up [operations withra/duration less than the RCS special survey period, a fatigue analysis is not required,
provided thpt structural-integrity is maintained through an appropriate programme of inspection. For long-ferm

applicationg, fatigue shall be considered in accordance with Clause 11.

NOTE The special survey period is normally between five and eight years.

13.2 General formulation of the assessment check

The assessment shall follow a partial safety factor format. The partial action factors shall be applied to actions, not
the action effects. The partial resistance factors shall be applied to representative foundation capacities and
structural strengths. When undertaking a stochastic time domain procedure that incorporates fully non-linear
foundation responses, the MPME utilizations shall be calculated using the procedure set out in 10.5.3.

The utilization (see definition 3.78) for each limit state and assessment situation shall satisfy the requirement of
Formula (13.2-1):

U<1,0 (13.2-1)
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where U is the utilization to one significant decimal place.

For assessments where the relevant action effect can be expressed by a single response, U is of the general form:

__action effect due to factored actions

U (13.2-2)

factored resistance

For assessments where the relevant action effect consists of a combination of responses, the individual action
effects and factored resistances combine into an interaction formula, I. In these cases the utilization, U, is equal to
the value of I.

For
inte

assessments where the resistance is given by the yield interaction surface (for foundations)-o
raction surface (for strength of non-circular prismatic members) the utilization is of the general fo

length of the vector from a specified origin to the action effect

B length of the vector from the same origin to the factored interaction-surface

Factored actions shall be determined in accordance with the assessment load case)F, in 8.8.

Acti
guid
four

Ann
met|
resi

NOT]
actid

13.

The
und

pn effects shall be determined in accordance with the requirements of €lauses 9, 10 and 12, and th
ance given in A9, A.10 and A.12. The particular form of thefdtilization formula is determ
dation and strength checks formulated in these clauses.

ex B summarizes the clause(s)/subclauses(s) in this partrof ISO 19905 where the applicable

I the plastic
'm:

(13.2-3)

e associated

ned by the

calculation

hodology and the associated assessment check(s) can bg, found, and lists the values of the partigl action and

btance factors that shall be used.

E Normally, both partial action and partial resistahce factors are greater than unity: actions are multip
n factors and resistances are divided by partial resistance factors.

B Leg strength assessment

formulae given in 13.2 shall be'used to assess the utilization of the leg structure. The meth
brtaking checks on the strength-of members is described in Clause 12, together with the associate

ied by partial

odology for
d resistance

factprs.

13.4 Spudcan strength)assessment

The|forces on thetop’and bottom of the spudcan due to factored actions, for any of the applicable|assessment
situgtions, shallshé.checked against the factored ultimate strength derived from the manufacturer's §pecification
usinlg a partial resistance factor for spudcan strength of yp ¢=1,15. Where limited information is|available, a
ratipnal approach shall be used.

NOTE% This check addresses issues such as: spudcan overburden (at maximum penetration); spudcan strerjgth (over the

range of predicted penetration); and eccentric spudcan support (e.g. due to foundation fixity, sloping seabed or existing
spudcan footprints).

NOT

E2

derived from the preload reaction and the soil ultimate moment strength.

13.5 Holding system strength assessment

When the global response analysis is performed with pinned spudcan support, the forces on the spudcan can be

The forces on the holding system due to factored actions, for any of the applicable assessment situations, shall be
checked against the factored ultimate strength derived from the manufacturer's specification using a partial
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resistance factor for holding system strength of y,, =1,15. Where limited information is available, a rational
approach shall be used. '

13.6 Hull elevation assessment

A hull elevation resulting in at least 1,5 m clearance between the assessment return period extreme wave crest
elevation and the underside of the hull shall be provided (see 6.4). The extreme wave crest elevation is normally
determined from the extreme still water level (SWL) in A.6.4.4 and the wave crest elevation above SWL in
A.6.4.2.4.

In some are g
can be greafer than the extreme wave crest elevation plus 1,5 m. The hull elevation shall be sufficient to cléar|this
abnormal whve crest elevation. Where appropriate metocean databases and reliability models exist, the-abnofmal
wave crest glevation can be determined accounting for the joint probability of tide, surge and crest elevation.

The hull eleyation shall account for any settlement due to the extreme or abnormal storm event.
NOTE 1 Metocean studies after hurricanes Katrina and Ritalé0], have suggested that there‘exist local wave frest
enhancements with a small area of effect. When calculating the hull elevation for jack-ups, it is not.necessary to consider these
local effects gver and above the abnormal crest elevation since they do not affect the jack-up globally.
NOTE 2 The air gap is defined in ISO 19900 as the clearance between the highest water surface that occurs during the

extreme met¢cean conditions and the lowest exposed part not designed to withstand wayve-impingement. This differs from the
definition hisforically used by the jack-up industry.

13.7 Leglength reserve assessment

The leg lenjgth reserve above the upper guides should account:for the uncertainty in the prediction of leg
penetration| and account for any settlement. The leg length reserve shall be at least 1,5 m. The greater| the
uncertaintyjthe larger the leg length reserve that should be available. A larger reserve can also be required du¢ to

— strength limitations of the top bay;

— the incfease in the proportion of the leg bending moment carried by the holding system due to the effeqtive
reductipn in leg stiffness at the upper guide;

— additiopal settlement due to scour;
— long-tefm foundation settlement;

— reservdir settlement.

13.8 Overturning stability assessment

The formul@e given-in”13.2 shall be used to assess margin of safety against overturning of the jack-up.|The
utilization ghall,be™~calculated as the ratio of overturning moment due to the factored actions, Mypy, and| the

factored stapilizing moment, Ry g1y

The overturning moment, Mgy, shall be calculated about the overturning axis in the most critical assessment
situation using the assessment load case F;. For independent-leg jack-ups, the overturning axes shall pass through
any two or more spudcan reaction points. The reaction points are described in 8.6.2 and A.8.6.2.

The factored stabilizing moment R. 5y is calculated by Formula (13.8-1):

Ryorm =R rotm / 7R oM™ (13.8-1)

where
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R.orm  is the representative stabilizing moment;

’roTm s the partial resistance factor for stabilizing moment, y gy = 1,05.

1:2016(E)

The representative stabilizing moment, R o1y, shall be calculated for the same assessment situation and about the

same axis as used for the calculation of the overturning moment and shall account for the following contributions:

large deflection (P-A) effects shall be included when computing the overturning utilization;

the minimum stabilizing moment from the most onerous combination of minimum variable load and position

Larg

NOT
by t

13.

13.9

The
shall
give

For
accd

Formula (13.92):

of centre of gravity in accordance with 5.3, 5.4.4, 7.4 and A.7.4;
the stabilizing moments provided by a degree of foundation fixity; any stabilizing moments-fron
comply with the yield surface of the foundation.
e deflection (P-A) effects can be included in one of three ways.
1) Areduced stabilizing moment can be calculated from the fixed actiefrwith the jack-up at t
position resulting from the factored actions.
hull at a displaced condition.
3) The overturning moment can be calculated from“the foundation reactions obtained fj
deflection analysis, so the reduction in stabiliziftg moment due to large deflection effects

included within the overturning moment.

E  The overturning check serves only the purpose of a traditional benchmark; the assessment
he foundation checks.

D Foundation integrity assessment

).1 Foundation capacity check

formulae given in 13.2 shall be used to assess the foundation. The spudcan reactions due to fact
| be checked against the factored capacity in accordance with the requirements of 9.3.6 using the f
n in A.9.3.6.

a foundation¢inteégrity check at all levels, the preload utilization, US,pl' shall be computed and
rdance with' 'A.9.3.6.2. The utilization shall satisfy Formula (13.9-1) or the alternative foy

foundation

fixity shall be calculated in accordance with Clause 9, taking account of any reduction of.the monjent fixity to

he displaced

2) An increased overturning moment can be calculated ingorporating the additional overturning of the

fom a large
is implicitly

is governed

bred actions
prmulations

reported in
mulation of

Vi +W

or

U A (13.9-1)
sel =y /., =5 7
Vio / 7R pRE
U v~ Woro B <1,0 (13.9-2)
S,pl — =5 7
Vio / Vv pRE
where the symbols are as defined in A.9.3.
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For a Level 2a check with pinned spudcans, the utilization of the vertical and horizontal foundation capacity,

Us yhmy Shall

Svhm —

be determined in accordance with A.9.3.6.4.1 and shall satisfy Formula (13.9-3):

_length of vector 1

<10
length of vector 2

where the vectors are defined in A.9.3.6.4.1.

(13.9-3)

For a Level 2a check the utilization of the foundation resistance to sliding, US,pl' shall be computed in accordance

with A.9.3.6

4.2 and shall satisfy Formula (13.9-4):

U

S;sl 7

where the v

For a Level
valid; see A.

In a Level 2
yield surfac
sliding is n
Formula (13

length of vector 1 <

1,0 (13.

length of vector 2 —
bctors are defined in A.9.3.6.4.2.

Pb check with a degree of foundation fixity, the conditions of Formulae (13:9-3) and (13.9-4) rer
D.3.6.5.

D-4)

hain

c check, using a yield interaction or continuum foundation model, ¢ompliance with the founddtion

b is inherently included and the above utilization checks are generally not performed. However, w
bt included in the model, a sliding check shall be undertaken\in accordance with A.9.3.6.4.2
.9-4).

13.9.2 Displacement check

If the forces

with 13.9.1,
shall show
acceptable |
safe hull ele

NOTE 4
specified in tl

13.10 Int
The displacg

lead to

exceed

on any spudcan due to the assessment load caseF result in a utilization, computed in accord

that exceeds 1,0, a further assessment may be performed as discussed in A.9.3.6.6. This assessn
hat any additional settlements and/or the‘associated additional structural action effects are w
mits. Furthermore, there shall be no operational limitations on levelling the hull and re-establishi
yation, or alternatively safely departing.the location.

conservative estimate of the allgwable settlement can be derived from the hull inclination limit, if tH
e operations manual.

eraction with adjacént infrastructure
ment of the jack-up/shall not:
contact or adverse interaction with any adjacent structure;

practicallimitations for continued operations.

hen
and

hnce
hent
hin
ga

is is

faaxraoac

13.11 Tempera

TpCTatuarcs

The 50 year lowest mean daily average air and water temperatures shall be in compliance with the limits given in
the operating manual.

NOTE

up construction.

60

The purpose of this check is to ensure that the field temperature is compatible with the material used in the jack-
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Annex A
(informative)

Additional information and guidance

E The clauses/subclauses in this annex provide additional information and guidance on clauses/subclauses in the
body of this part of ISO 19905. The same numbering system and heading titles have been used for ease in identifying the

lauseinthe ]'\nr‘]y ofthis par‘f of1S0 19905 towhich it relates

A1l

Alth
Guig

A2

No ¢

A3

No ¢

A4
A4
No ¢
A4
No ¢

A4

No ¢

Scope

Normative references

uidance is offered.

Terms and definitions

uidance is offered.

Symbols

1 Symbols used in A.1

uidance is offered.
2 Symbols used in A:2

uidance is offered.

3 Symbolsused in A.3

uidaneeis offered.

A4

ough this part of ISO 19905 does not address the integrity of well conductors, the Institute fof Petroleum
lelines (2001)(85] provides guidance on their assessment.

4 -Suymholcucadin A4
1T

T Oy DU T oOTIT

No guidance is offered.

A.4.5 Symbols used in A.5

No guidance is offered.
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A.4.6 Symbols used in A.6

max

©n

- =~ =

~

62

directional spreading function as a function of n

directional spreading function as a function of s

directional spreading function as a function of &
water depth

directionality function

wave frequency

individual extreme wave height

increased significant wave height to account for wave asymmetry
significant wave height for the assessment return period
reference depth for wind-driven current

wave length of the wave with H . and T, in water depth d, according to the periodic wave th
used

inverse exponent of the power law wind profile

parameter exponent in D

smallest spacing between the legs of 3-legged jack-ups
Pierson-Moskowitz wave spectrum for a sea state

JONSWAP wave spectrum for a sea state

wave spectral density function expressed.as a function of wave frequency
directional short-crested power dénsity spectrum

parameter in D,

intrinsic wave period associated with H

apparent modal or; peak period of the spectrum

intrinsic modal orpeak period of the spectrum

intrinsic,mean zero-crossing period of the water surface elevation in a sea state
current velocity as a function of z

dewnwind component of associated surge current (excluding wind-driven component)

bory

1 min sustained wind velocity at elevation Z.; (normally at 10 m above MSL)
downwind component of mean spring tidal current

wind generated surface current

the wind velocity at elevation Z above SWL under consideration

elevation above SWL under consideration

vertical coordinate relative to SWL under consideration, positive upwards
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Zpof reference elevation above MSL

a angle between the direction of elementary wave trains and the dominant direction of the
short-crested waves

/4 shape parameter of the peak enhancement factor in the JONSWAP spectrum
K kinematics reduction factor

@ directional spreading factor based on latitude

o standard deviation of the normal distribution in D5

P latitude

A.4{7 Symbols used in A.7

A area

A, effective area of leg per unit height

A; effective area of member or gusset i

Awi projected area of the block i perpendicular to the wind direction
Cy added mass coefficient

Cpe equivalent value of the drag coefficient of a leg bay

Cpef equivalent value of the drag coefficient of meniber i

Cp Op; drag coefficient, drag coefficient of member i

Cpp) (9) drag coefficient related to the projected diameter

Cpo drag coefficient for a tubular with appropriate roughness

Co1 drag coefficient for flow narmal to the rack related to projected diameter, W
Cwr Pmi inertia coefficient, inertia coefficient of member i

CMe equivalent value'ofithe inertia coefficient of a leg bay

Cre equivalent ¥alue of the inertia coefficient of member i

C shape Coefficient

D, D} reference diameter, reference diameter of member i

D, equivalent diameter of leg

Dg face width of leg, outside dimensions, orthogonal to the flow direction
Dpr(ﬁ) projected diameter

d water depth

Hy increased significant wave height to account for wave asymmetry
I length of member i node to node centre

m, added mass contribution (per unit length) for a member

pressure at the centre of block i
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o3

A
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3
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ﬂi

AF

AF, drag
AF inertia

A

[TANEES A )
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height of one bay, or part of bay considered

intrinsic period of a periodic wave (in a reference frame that is stationary with respect to the wave,

i.e. with no current present)

first natural period of surge or sway motion of the jack-up
apparent modal or peak period of the spectrum

intrinsic modal or peak period of the spectrum

apparent mean zero-crossing period of the water surface elevation in a sea state

intrinsic mean zero-crossing period of the water surface elevation in a sea state
marine growth thickness
projected width

velocity of the considered member, normal to the member axis and in the direetion of the comb
particle velocity

acceleration of the considered member, normal to the member axis and in the direction of
combined particle velocity

wave particle velocity

wave particle velocity resolved normal to the member axis
wave particle acceleration resolved normal to the member axis
current velocity for use in the hydrodynamic model

far field (undisturbed) current velocity

wind velocity at the centre of block i

fluid particle velocity resolvednormal to the member axis
modified coordinate for yse_in particle velocity formulation

vertical coordinate relative to SWL under consideration, positive upwards, at which the kinem
are required

angle between \flow direction and member axis projected onto a horizontal plane
angle definihg the member inclination from horizontal

wayesaction per unit length

ned

the

htics

drag action per unit length

inertia action per unit length
wave length

mass density of water or air
angle in degrees

instantaneous water level (same axis system as z)
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e legs above

eg model

detailed leg

A axial area of equivalent leg model

A effective shear area

E Young's modulus of steel

F applied axial action

G shear modulus

I second moment of area

Kin horizontal leg-to-hull connection stiffness

K, rotational leg-to-hull connection stiffness

K. vertical leg-to-hull connection stiffness

L cantilevered length (from the hull to the seabed reaction point)

M applied moment

P applied shear

Pg sum of the leg forces due to functional actions on legS’at’hull, including the weight of th
the hull

A axial deflection (shortening) of the leg at the péint of force application from the detailed |

Ac axial end displacements of the combined.leg and leg-to-hull connection model

6 lateral deflection of the cantilevered-leg at the point of moment application from the
model

0¢ lateral deflection of the combinéed leg and leg-to-hull connection model

0¢ slope of the end of the cantilever from the combined leg and leg-to-hull connection mode

Om slope of the cantilever at the point of moment application from the detailed leg model

Op slope of the cantilever at the point of shear application from the detailed leg model

A.4{9 Symbols used-in A.9

A spudcan effective bearing area based on cross-section taken at uppermost part of bearing area in
contact with soil (see Figure A.9.3-3)

A spudcan laterally projected embedded area

a depth Interpolation parameter

ag bearing capacity squeezing factor constant

B effective spudcan diameter at uppermost part of bearing area in contact with the soil (for rectangular
footing B equal to width)

B hax diameter of the contact area in plan when the spudcan is fully seated

Bg soil buoyancy of spudcan below bearing area i.e. the submerged weight of soil displaced by the

spudcan below D, the greatest depth of maximum cross-sectional spudcan bearing area below the

sea floor
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b bearing capacity squeezing factor constant dependent on spudcan diameter
Cy horizontal capacity coefficient
D greatest depth of maximum cross-sectional spudcan bearing area below the sea floor (see

Figure A.9.3-3)

Dy depth of backflow; infill should not be considered
Dp relative density of sand (percent)
d depth beneath sea floor
d, bearing capacity depth factor
deric depth at which maximum bearing resistance occurs (layered case)
dq depth factor for drained soils
dy depth factor on surcharge for drained soils
Fy horizontal force applied to the spudcan due to the assessment load case (see8.8)
Fy moment force applied to the spudcan due to the assessment load case(see 8.8)
Fy gross vertical force acting on the soil beneath the spudcan dué to the assessment load casg Fy
(see 8.8)
(Fy/Qv): vertical load at intersection of adhesion yield surface andfoundation yield surface
fi factor used in yield surface formula for embedded spudcans on clay
f factor used in yield surface formula for embedded spudcans on clay
fr foundation rotational stiffness reduction factor
shear modulus of the foundation soil
distance from spudcan maximum bé€aring area to weaker layer below
cav limiting depth of cavity that rémains open above the spudcan during penetration
hq embedment depth to the uppermost part of the spudcan, (if not fully embedded, h1 = 0)
h, spudcan tip embedmeént depth
Iine rigidity index’for' normally consolidated clays
Ip plasticity; index
j dimensionless stiffness factor
ka active earth pressure coefficient (Fnr Sr= n)
kp passive earth pressure coefficient

Ky, Ky K3 stiffness factors for vertical, horizontal and rotational foundation stiffness respectively

K41, K42, K43 depth factors for vertical, horizontal and rotational foundation stiffness respectively

K, coefficient of punching shear
L length of strip footing
m parameter to define effect of adhesion on the foundation yield surface envelope
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load spread factor for sand overlying clay

bearing capacity factor, taken as N s. = 6,0 for circular footings
bearing capacity factor for a flat rough circular footing

bearing capacity factor for a flat rough circular footing

effective overburden pressure at depth, D, of maximum bearing area

atmospheric pressure

1:2016(E)

QHS

Qpeak

Qu,b

Qv
QVn t

QVo

apudt,au bear iug Lapa\,it_y atseaftoor
maximum horizontal foundation capacity
foundation sliding capacity

ultimate moment capacity of foundation

increased ultimate moment capacity due to further spudcan penetration under en
actions

ultimate moment capacity when further spudcan penetration leads to full contact o
underside of the spudcan with the seabed

ultimate moment capacity under further spudcan pengetration, when the applied vertica

low to achieve full contact of the entire underside.0f the spudcan with the seabed
maximum bearing capacity atd=d

crit

ultimate vertical foundation bearing capacity assuming the spudcan bears on the surface
(bottom) clay layer with no backfill

gross ultimate vertical foundation capacity

net ultimate vertical foundation capacity

initial gross ultimate‘vertical foundation capacity established by preload operations
failure ratio

over-conselidation ratio

bearing capacity shape factor

undrained shear strength

undrained shear strength of backfill material above the spudcan

vironmental

f the entire

force is too

of the lower

undrained shear strength at deepest depth of maximum bearing area (D below sea floor)

undrained shear strength at depth of H_,, below sea floor
undrained shear strength at the spudcan tip

undrained shear strength at the sea floor

undrained shear strength of lower clay layer below spudcan
undrained shear strength of upper clay layer below spudcan

thickness of weak clay layer underneath spudcan
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spud

volume of the spudcan below the maximum bearing area that is penetrated into the soil

available spudcan reaction

maximum vertical reaction under the spudcan considered required to support the in-water weight of

the jack-up during the entire preloading operation (this is not the soil capacity; see 3.48)

vertical reaction beneath the spudcan due to the assessment load case, see 8.8, (includes effects of

leg weight and water buoyancy but excludes effects of backfill and spudcan soil buoyancy)

the total volume of the spudcan beneath the backfill

MR, Hfc

7R, VH

s/

¢/

gross vertical spudcan reaction under still water conditions for the spudcan being consid
(includes effects of backfill and spudcan soil buoyancy)

submerged weight of the backfill

submerged weight of the backfill that occurs after the maximum preload has beemapplied and he

submerged weight of the backfill during preloading

minimum value of the submerged weight of the backfill, due to backflow.during preloading
adhesion factor

equivalent cone angle

steel/soil friction angle in degrees

partial resistance factor for horizontal foundation capacity

partial resistance factor for foundation capacity,

submerged (effective) unit weight of soil

rate of increase in undrained shear stréngth with depth

effective angle of internal friction for sand in degrees

Poisson's ratio

A.4.10 Symbols used in A.10

B

Crd

D

e

equivalent spudcan diameter at uppermost part of bearing area in contact with the soil
radiation.damping coefficient of a dashpot (force per unit velocity)

equivalent set of inertial actions representing dynamic extreme storm effects or ground md
effects due to earthquakes

bred

d

tion

E

e
FBS,Amplitude
Fgs (qs)Max
Fgs,(Qs)Min

F.

mn

G

68
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single amplitude of quasi-static base shear over one wave cycle
maximum quasi-static wave/current base shear

minimum quasi-static wave/current base shear

magnitude of the inertial loadset

shear modulus
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Gp actions due to the fixed load positioned such as to adequately represent their vertical and
horizontal distribution

G, actions due to maximum or minimum variable load, as appropriate, positioned at the most
onerous centre of gravity location applicable to the configurations under consideration

Kefr effective system stiffness

Kparranpom ~ DAF from random wave time domain (stochastic) analyses

K parspoF DAF from single degree-of-freedom representation of dynamic behaviour

M g effective system mass

Op total horizontal offset of the leg base with respect to the hull

0, offset due to leg-to-hull clearances

0, offset due to maximum hull inclination permitted by the operating manual

T, first natural period of surge or sway motion of the jack-up

Tp apparent modal or peak period of the wave spectrum

Ty intrinsic modal or peak period of the wave spectrum

v Poisson's ratio of the foundation soil

Q ratio of jack-up natural period to wave excitation period

P total, saturated, (mass) density of the foundation soil

¢ damping ratio or fraction of criticaldamping

A.4{11 Symbols used in A.11

f FD,s
N

S

radiation modal damping ratio.to'account for spudcan vertical motion

natural frequency (rad/s)

calculated existing fatigue damage prior to arriving at site

calculated fatigie damage during planned operations on site

fatigue/damage design factor applicable to D,

fatigue damage design factor applicable to D

number of cycles to failure in fatigue of a specified constant amplitude stress range, S

constant amplitude stress range

A.4.12 Symbols used in A.12

A

gross cross-sectional area
total effective area of a slender section in compression of a non-circular prismatic member

cross-sectional area for use in the assessment of a non-circular prismatic member in compression

effective area of a component of a non-circular prismatic member in compression

cross-sectional area of a semi-compact section of a non-circular prismatic member
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cross-sectional area of the ith component comprising the structural member

the area enclosed by the median line of the perimeter material of a section

fully plastic effective cross-sectional area of a non-circular prismatic member
cross-sectional area for use in the assessment of a non-circular prismatic member in tension
effective shear area of a non-circular prismatic member in the direction being considered

member moment amplification factor for the axis under consideration

overattbreadthofcross=section

width of the wall of a component forming the closed perimeter of a section
effective width of a component

width of base plate

width of reinforcing plate

moment reduction factor

critical elastic buckling coefficient

outside diameter of a tubular

overall depth of cross-section

effective depth of a component

limiting equivalent head of water

distance between the centroid of the ith component and the plastic neutral axis
Young's modulus of steel (elastic modulus)

eccentricity between the axis used for structural analysis and that used for structural strength
checks

effective eccentricity between the axis used for structural analysis and that used for structural
strength checks for class 3 members

reduced material-strength
yield strengthyilystress units
effective yield strength of the cross-section of a non-circular prismatic member in stress units

yieldstrength of the ith component of the cross-section of a non-circular prismatic member in stfress
uriits

minimum yield strength of all components in the cross-section of a non-circular prismatic member

,» in stress units)

(minimum value of F,
yield strength, F, of the material that first yields when bending about the minor axis
acceleration due to gravity

subscript referring to the component that produces the smallest value of Py

second moment of area
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effective second moment of area of a non-circular prismatic member cross-section

second moment of area of a plastic, a compact or a semi-compact section of a non-circular prismatic
member cross-section

polar moment of inertia of a tubular
polar moment of inertia a non-circular prismatic member
major axis second moment of area of the gross cross-section

minor axis second moment of area of the gross cross-section

VA

pz

uaz

4 uez

uz

torsion constant

effective length factor

unbraced length of member for the plane of flexural buckling
effective length of a beam-column between supports

limiting plastic length

limiting unbraced length for inelastic torsional bucking
representative bending moment strength of a tubular or-a non-circular prismatic membef
representative bending moment strength about member y- and z-axes, respectively
plastic moment strength of a tubular or a non-egjrcular prismatic member

plastic moment strengths of a tubular or.a non-circular prismatic member about memHer y- and z-
axes, respectively

bending moment in a member due\to factored actions determined in an analysis that indludes global
P-A effects

amplified bending moment-M,

corrected effective bending moment M,
amplified bending-moments due to factored actions about member y- and z-axes, respect|vely
corrected.bénding moments due to factored actions about member y- and z-axes, respectively

bending/moments due to factored actions about member y- and z-axes, respectively, ddtermined in
an ‘analysis that includes global P-A effects

representative axial compressive strength of a tubular

Euler buckling capacity

representative axial compressive strength based on local strength for column buckling of a non-
circular prismatic member

representative axial strength of a non-circular prismatic member

representative local axial compressive strength of non-circular prismatic member prismatic
members

representative axial tensile strength of a non-circular prismatic member
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axial force in a member due to factored actions determined in an analysis that includes global P-A
effects

axial tensile force due to factored actions
axial compressive force due to factored actions
representative shear strength of a tubular

are the representative shear strengths in the local y- and z-directions of a non-circular prismatic
member, respectively

representative elastic local buckling strength of a tubular

plastic strength of a non-circular prismatic member

representative local buckling strength of a tubular

depth below sea floor (zero if above sea floor)

radius of gyration about the minor axis when used for lateral-torsional buckling considerations
radius of gyration for the plane of flexural bending

maximum distance from centroid to an extreme fibre for torsionalshear check

reduced effective section modulus of a slender section of a non-circular prismatic member
elastic section modulus of a semi-compact section of a non*circular prismatic member
section moduli for use in the assessment of a non-cifcular prismatic member in flexure
torsional moment due to factored actions

representative torsional strength of a tubular

wall thickness of a tubular

thickness of base plate

thickness of reinforcing pldte

thickness of a flange commponent

thickness of a web-component

beam shear dure to factored actions

beam shears due to factored actions in the local y- and z-directions, respectively

distance from the neutral axis associated with I, to the critical point i

futty ptasticteffective)sectiomrmodutus

factor that varies depending on the type of loading

submerged (effective) unit weight of soil

partial resistance factor for axial strength of a non-circular prismatic member

partial resistance factor for bending strength of a non-circular prismatic member

partial resistance factor for local axial compressive strength of a non-circular prismatic member

partial resistance factor for axial tensile strength of a non-circular prismatic member
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n geometry

7RpPc partial resistance factor for axial compressive strength of a non-circular prismatic member
YRpv partial resistance factor for torsional and beam shear strength of a non-circular prismatic member
YRTb partial resistance factor for bending strength of a tubular

YRTt partial resistance factor for axial tensile strength of a tubular

YR Tc partial resistance factor for axial compressive strength of a tubular

YRTv partial resistance factor for torsional and beam shear strength of a tubular

k buckhingcoeffictent

A column slenderness parameter

A ratio b/t or 2R/t as applicable for component h

Ae prismatic column slenderness parameter for a non-circular prismatic member

A elastic plate slenderness parameter

ﬂp plastic plate slenderness parameter

ﬂ’plih limiting plate slenderness ratio

Apo plate slenderness ratio coefficient

n exponent for biaxial bending, a constant dependent,on the prismatic member cross-secti
P reduction coefficient

P mass density of water

oy compressive stress if o, tensile or the'larger compressive stress if o, is also compressiv
oy tensile stress if o, tensile or the:smaller compressive stress if o, is compressive

Y ratio of compression to bending stress

A.50verall considerations

No guidance is offered,

A.6Data assembled for each site

A.6{1 Scope

No gulidance 1s offered.

A.6.2 Jack-up data

No guidance is offered.

A.6.3 Site data

No guidance is offered.
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A.6.4 Metocean data

A.6.4.1 General

The jack-up should be assessed for the extreme storm event (ULS assessment). For manned jack-ups (category S1)
the 50 year return period independent extremes should be used. Alternatively, 100 year joint probability
metocean data may be used. The action factors for these two alternatives differ.

If the jack-up life safety category is manned evacuated, it is assumed that reliable forecasting of the extreme storm
event is feasible, that evacuation plans are established and documented, and that time and resources are available

to safely evg at-can red b fail
jack-up (ses
time horizo
safe evacua
impact the j

A “sudden

enate-al-personneHremthejack-upand-anyadiacentstructuresthatcan-be-affected-byfailures
5.5). Under these conditions, hindcast storm characteristics may be computed based on the thres
h of storm formation relative to the jack-up site. The time horizon is defined as the time requirec
fion, and the extreme storm event is derived from the population of storms that can develop

hck-up site within that time horizon.

hurricane” is defined as one that forms locally and, due to speed of formation)and proximit

infrastructy

of storms uged to derive the sudden hurricane at a given site can therefore be defined in terms of the time hor
required to| evacuate the site. For manned evacuated jack-ups utilized in these «Cif¢umstances, considerd

should be

assessed using these criteria.

Partial facto|

Site-specifid
local variati

Where the

A6.42 W

A.6.4.2.1

The extrem
based on th
extremes ofj
the propossg
obtained.

The assessg
periods and

A.6.4.2.2

e at time of formation, might not allow sufficient time to evacuate manned fagilities. The popul3
iven to the use of a 50 year return period “sudden hurricane”. An uhmanned jack-up may als
rs for each of these options are presented in 5.5.4.

Dns.

[aves

General

e wave environment should-be determined in accordance with A.6.4.2.2 to A.6.4.2.10. It shoul
e three hour storm exposure for the relevant assessment return period (e.g. 50 year indepen
100 year joint probability). The seasonally adjusted wave height may be used when appropriatg

r should check the consistency of the wave data provided, giving particular attention to the
the ratioof H . to HSrp and query any apparent inconsistencies with the data provider.

the
hold
| for
and

y to
tion
zon
tion
b be

data, if available, should be used for the assessment as regional data do generally not take account of

hctions due to metocean conditions at the sitezare directional, the jack-up may be aligned om an
advantageotis heading subject to practical and infrastructure limitations at the site.

l be
Hent
for

d operation. When afatigue analysis is required (see Clause 11), long-term wave data should be

yave

Extreme wave height

The wave h

height for the assessment return period, or the significant wave height H

H

max

eight information for a specific site can be expressed in terms of H_ .,

srp+ The relationship between H,

the individual extreme wave

and

should be determined accounting for the duration of a storm (three hours minimum) and for the additional

probability of other return period storms; see ISO/TR 19905-2:2012, 6.4.2.2. This relationship depends on the
regional and site-specific conditions, however Hg, may usually be determined from H,,,, using the generally

accepted rel

Hyox =

74

ationship for non-cyclonic areas as given in Formula (A.6.4-1):

1,86 Hg, (A6.

4-1)

© 1SO 2016 - All rights reserved


https://standardsiso.com/api/?name=8527c9f5bb05f1c49fb3d22fe0c1b5c3

IS0 19905-1:2016(E)

For cyclonic areas the recommended relationship is as given in Formula (A.6.4-2):

Hpax =175 Hg,, (A.6.4-2)
The wave action can be computed deterministically (through an individual maximum wave approach) or
probabilistically (through a time domain simulation). The two methods are discussed in A.6.4.2.3 and in A.6.4.2.5

to A.6.4.2.8, respectively (see also ISO/TR 19905-2:2012, 6.4.2). The two methods should be used in conjunction
with the associated kinematics modelling recommended in A.7.3.

A.6.4.2.3 Deterministic waves

For |the calculation of wave actions using a deterministic (regular) wave, it is appropriate to apply)a kinematics
redyction factor to the horizontal and vertical velocities and accelerations in order to obtain realjstig estimates of the
actigns for the extreme storm event. This factor ensures that both the deterministic (regular) cdlculation of wave
actign using a regular wave and the three-hour stochastic simulation produce statistically comparablg results (i.e.
botl} target the MPME response in the 50 year extreme storm event). In addition, the factor takes some account of
wavg spreading and the conservatism of regular wave kinematics. The kinematics reduction factor cap be applied
eithgr by scaling of wave kinematics (preferred) or by a wave height reduction, but not both.

The|kinematics reduction factor, «; to be applied to the kinematics obtained from H_ .. can be detemined from
Formula (A.6.4-3):

K= ¢ (A.6.4-3)

whdre

¢ is the directional spreading factor defined in [1S0~19901-1:2015, A.8.3.2.2, for the site-speciffic metocean
data or for open water conditions; it is basgéd on the latitude yin degrees and the type |of storm or

region:
for low latitude monsoons with typically || < 15° ¢$=0,88
for tropical cyclones below approximately 40° latitude $=0,87

for extratropical storms-for'the range of latitudes 36° < | ¥ | < 72° $=1,0193-0,002 08| ¢ |.

Alternatively, Formulae (A6:4-4) to (A.6.4-7) can be used; see Hoyle et al. (2009):

2
S S
Kk = 0,82440,4264% — 0,043 Ty ¢ — 1,450 Ty ¢ —0,800[% b+ ...
(A.6.4-4)
2 2
d H H 5
... +0,658|—| —0,640|—max | 1 303|—Wmax| 4
L d d
and subject to the following:
S
0,08 < Ty <0,43 (A.6.4-5)
d
0,14 < - <0,76 (A.6.4-6)
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0,07 < |—ax 1 <0,58
where
Sy is the smallest spacing between the legs of 3-legged jack-ups;
d is the water depth;
H_ .. SO TIaximT wave Tefgit;
T, Ik the intrinsic wave period associated with H ;
L is the wave length of the wave with H__, and T, . in water depth d, according to the)periodic
eory that is being used.
. Sy d H max . ) ,
The limiting values — = 0,43, T =0,76 andT = 0,07 may be applied for calculation of xin Formula (A

4) in case th

The kinema

be exercised if it is applied to other cases. The formulae should not be applied for the low wave conditions

dominate in
applied.

In lieu of uj
analysis me
appropriate
introduce a
wave theori

The wave ag

In the anal

maximum W

should be fised in the derivation of wave kinematics required for action calculations; guidance is give

ISO 19901-1
given in Forj

3, 44\/

ese bounds are transgressed. In all cases, it is not necessary that xbe greater than ¢.

ics reduction factor formulation was developed for 3-legged drag-dominated jack-ups. Caution sh

FLS assessment; such cases are likely to be outside.the limits of applicability, where x= ¢ ca

ing the kinematics reduction factor, the effects.of wave spreading can be explicitly included in
thod, provided that higher frequency interaction effects (e.g. those due to frequency sum terms)
y modelled through the use of second (or higher) order wave theory. Frequency interaction ef
Hditional actions that offset some of.the reduction in actions predicted by three-dimensional li
ps. See A.7.3.3.3.2.

tions should be determined using an appropriate wave kinematics model in accordance with A.7.3

sis, a single value fop-the intrinsic wave period T, expressed in seconds, associated with

Ss’
rave can be used. The-intrinsic” period of the wave as seen by an observer moving with the cur

T

:2015, 8.3. Unless’site-specific information indicates otherwise, T

mula (A.6.48):

is normally between the limi

H W< T, <442,(H (A6.

srp) srp)

yave

6.4-

buld
that
h be

the
are
ects
hear

3.1.

the

rent
h in
S as

4-8)

where H,, is the return period of the extreme significant wave height, expressed in metres.

A.6.4.2.4

Wave crest elevation

The wave crest elevation used to determine the minimum hull elevation above the extreme still water level

in A.6.4.4 can be obtained from the extreme wave height, H

max

wave theory in A.7.3.3.3.1.

76

in A.6.4.2.2, and the appropriate deterministic
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A reasonably foreseeable extreme return period should be used for this calculation, and should be no shorter than
50 years, even if a lower return period is used for other purposes (e.g. the ULS assessment in tropical storm
areas).

For some regions, the abnormal wave crest elevation should be calculated based on storm statistics and according
to principles described in ISO 19901-1:2015, A.8.7. Examples for the regional application of these principles can
be found in Leggett (2007), or for general application in DNV-RP-C205 (2010).

If a wave height reduction factor is used in a deterministic wave analysis to account for wave spreading and the
conservatism of deterministic (regular) wave kinematics (see A.6.4.2.3), it should not be applied in the calculation
of the wave crest elevation.

A.64.2.5 Wave spectrum

Whgre the analysis method requires the use of spectral data, the choice of the analytical’'wave sgectrum and
assqciated spectral parameters should reflect the width and shape of the spectra for thé-site and thg significant
wavle height under consideration. In cases where the fetch and duration of extreme-winds are sufficiently long, a
fully} developed sea results (this is rarely realized except, for example, in areds_subject to mongoons). Such
conglitions can be represented by a Pierson-Moskowitz spectrum. Where the fetch or duration of extrgme winds is
limifed, or in shallow water depths, a JONSWAP spectrum can normally be applied (see A.6.4.2.7).

Further discussions of wave spectra and spectral density functions for the Pierson-Moskowitz, Spy[®), and the
JONSWAP, S]S((D], wave spectra are presented in ISO 19901-1:2015;,A.8.3.1.2. The wave spectral densjty functions
expressed as a function of wave frequency, i.e. Snn(f)' can be foundin ISO/TR 19905-2:2012, 6.4.2.5.

A.64.2.6  Airy wave height correction for stochasticanalysis

Whé¢n Airy wave theory is used for stochastic (random) wave action calculations, see A.7.3.3.3.2, then it is
necgssary to account for wave asymmetry, which isihot included in Airy wave theory. The significant wave height
sho‘Ed be increased to capture the largest wave actions at the maximum crest amplitude. The increasegd significant

wavle height, H,, should be determined as“a-function of the water depth, d, expressed in metres,|as given in
Formula (A.6.4-9):

H, =[1+@0H,, /T5)e"*"* THgy (A.6.4-9)
whdre

d is the still, pr.undisturbed, water depth (positive);

Hy, s the return period extreme significant wave height, expressed in metres;
Tpi is=the intrinsic modal or peak period of the wave spectrum, and should be used with the wave

kinematics model described in A.7.3.3.3.2.

A.6.4.2.7 Peak and zero-upcrossing periods

When undertaking a stochastic analysis (either for a one-stage analysis or for determining a DAF for a two-stage
analysis), it is necessary to either consider a range of wave periods or a suitable wave spectrum that contains
sufficient breadth of the peak to capture the dynamic characteristics. Information on the range of periods to use is
given in A.6.4.2.7, however, to avoid the requirement for dynamic analyses with several different wave periods, a
practical alternative is to use a two-parameter spectrum, such as Pierson-Moskowitz with y= 1,0, in combination
with the site-specific most probable peak period. When using the relationships in Table A.6.4-1, the value of yused
should be as given by the data provider.
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For a given significant wave height the wave period depends on the significant wave steepness which in extreme
seas in deep water often lies within the range 1/20 to 1/16. This leads to the expression for intrinsic zero-
upcrossing period T, ;, related to H, ., in metres, given in Formula (A.6.4-10):

8y

3,2,/(H,) <T,; <3,6/(H (A.6.4-10)

srp srp)

However in shallow water the wave steepness can increase to 1/12 or more, leading to an intrinsic
zero-upcrossing period T, ; as low as 2,8 /(Hsrp) . This is because in shallow water the wave height increases and

wave length decreases for a given T, ..

When considering a JONSWAP spectrum, the peak enhancement factor y varies between 1 and 7 with a rpost
probable ayerage value of 3,3. There is no firm relationship between y H; and Ty Relationships between

variables fof different yaccording to Carter (1982) are given in Table A.6.4-1.

Table A.6.4-1 — Relationship between y, H_ and Tp,i

7 Toi/ Ty
1 1,406
2 1,339
3 1,295
3,3 1,286
4 1,260
5 1,241
6 1,221
7 1,205

Unless site-§pecific information indicates otherwise y= 3,3 can be used.

If a JONSWAP spectrum is applied, the response analysis should consider a range of periods associated with Hrp
based on the¢ most probable value of Tp,i plus or minus one standard deviation. However, it should be ensured|that

the assumpfions made in deriving the spectral period parameters are consistent with the values used in| the
analysis. Alternatively, applicablé: combinations of wave height and period can be obtained from a scatter diagram
determined|from site-specific measurements; in this case, specialist advice should be obtained on a suitpble
spectral form for the site.

For other sgectrums-thé assessor is referred to DNV-RP-C205 (2010) for guidance.

A.6.4.2.8 Short-crested stochastic waves

For calculations of stochastic (random) wave actions, the short-crestedness of waves (i.e. the angular distribution
of wave energy about the dominant direction) may be taken into account when site-specific information indicates
that such effects are applicable. In all cases the potential for increased response due to short-crested waves should
be investigated. The effect may be included by means of a directionality function F(¢), given in Formula (A.6.4-
11):

s, (f,a) =S, (f)F(a) (A.6.4-11)

where
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a is the angle between the direction of elementary wave trains and the dominant direction of the
short-crested waves;

Snn(ﬁ a) isthe directional short-crested power density spectrum;

F(a) is the directionality function.

Directionality functions for extreme and fatigue analyses can be found in ISO 19901-1:2015, A.8.3.2.1, and
ISO/TR 19905-2:2012, 6.4.2.8. When referring to the formulations in ISO 19901-1:2015, A.8.3.2.1, swell sea

parameter ranges should be used for extreme analysis and wind sea parameter ranges for fatigue analysis.

NOT
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detd
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A.6.

Whe

maximum dynamic response can be caused by waves or sea states with periods outside the r
6.4.2.3 and A.6.4.2.7. Such conditions should also be investigated to ensure that the maximum (dynamic plus

in A
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perti
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A.6.

For
datd
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A.6.
Cur

velo
rega

F If using the approach in ISO 19901-1:2015, A.8.3.2.1, then the directional spreading function D,(wi

agreement with the formulation in ISO/TR 19905-2:2012, 6.4.2.8. For directional spreading functiomD, w|
irectional spreading function D; with ¢ =0,34 there is good agreement with the formulation in {SO/TR 1
8.

modelling of short-crested stochastic waves should not be combined with the waye kinematics f3
rministic wave analysis to represent wave spreading and the conservatism of\deterministic (re
matics; see A.6.4.2.3.

1.2.9 Maximizing the wave/current response

re the natural period of the jack-up is such that it can respond dynamically to waves; see 1

bi-static) response is determined by considering sea states with different combinations of sign
ht and spectral period, or deterministic waves with different combinations of individual wave
od. Such combinations may be limited to probabilities of exceedance that are equal to or low
hded probability level of the assessment.

#.2.10 Long-term wave data

fatigue calculations (see 11.3.1), the long-term wave climate is required. For fatigue analysis, th

present the probability of oceurrence for each sea state, characterized by wave energy speg
ciated physical parameters~This can be presented in the form of a significant wave height ¥
rossing period scatter diagram’or as a table of representative sea states.

4.3 Current

ent components,should be applied in the downwind direction. The extreme wind-driven sur
city shouldibe that associated with the assessment return period wind. When directional
rding othier)current velocity components is available, the downwind component of the maximum

of t
dri

directional data are not available, the components should be summed algebraically and asst

n /Aurface current as indicated below. When appropriate, the currents can be seasonally

th n =8 gives
th s=15 and
0905-2:2012,

ctor used in
oular) wave
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ficant wave
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e long-term
tra and the
rersus zero-

face current
information
surface flow

e mean.spring tidal current and the assessment return period surge current should be added fo the wind-

adjusted. If
med to be

omnidirectional.

A site-specific study should normally define the current velocity components.

The current profile can be defined by a series of velocities at a range of elevations from sea floor to water surface.
Unless site-specific data indicates otherwise, and in the absence of other residual currents (such as circulation,
eddy currents, slope currents, internal waves, inertial currents, etc.), an appropriate method for computing
current profile (see Figure A.6.4-1) is as given in Formulae (A.6.4-12) and (A.6.4-13):

Vo=V +V,+(V, - V) [(h+2)/h]

for|zl<hand V < Vy (A.6.4-12)
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Ve=Vi+ Vg

where
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Vi is

2,6
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for|zl>horV, <V,

V¢ is the current velocity as a function of z;

NOTE

V. isthe downwind component of mean spring tidal current;

A reduction can be applicable according to A.7.3.3.4.

(A.6.4-13)

water column).

z

% of the 1 min sustained wind velocity at 10 m;

ne downwind component ol assocClated surge current (excluding wind-driven componentj;

he reference depth for wind-driven current, in the absence of other data, h shouldbe-taken as 10 m;

Vw

Vs

water depth

reference depth for wind-driven current
downwind component of surge current

downwind component of tidal current
wind-driven surface current

vertical coordinate relative to the SWL under consideration, positive upwards

Figure A.6.4-1 — Suggested current profile

R R R R R R
SR

he wind generated surface current; in the absence of other data, this may conservativelyche-taken as

he vertical coordinate relative to the SWL under consideration, positive upwards (always negatiye in

formulations are provided in 1SO 19901-1:2015, A.9.3. Comparisons-ef combined current and wWave
SO/TR 19905-2:2012, 6.4.3, show that the constant current/prefile is on the conservative [side
compared t¢ the power law formulations presented in ISO 19901-1.
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In the presence of waves the current profile should be stretched/compressed such that the surface component
remains constant. This can be achieved by substituting the elevation as described in A.7.3.3.3.2. Alternative
methods can be suitable, however mass continuity methods are not recommended.

The current profile can be changed by wave breaking. In such cases the wind-induced current could be more
uniform with depth.

For a fatigue analysis, current can normally be neglected.

A.6.4.4 Water depths

The|mean sea level (MSL) related to the sea floor is defined in 3.40.

The|SWLs used for the assessment of the site should be determined and related to LAT. The relationship between
LAT|and CD is discussed in ISO/TR 19905-2:2012, 6.4.4.

— | Different extreme water levels are required for the ULS assessment and hull eleyation determinatjon.

— Unless reliable joint probability data are available, the extreme SWLi expressed as a height above LAT
can be taken as follows:
mean high water spring tide + relevant return period extreme storm surge.
— When lower water levels are more onerous for action ¢alcalations, the minimum SWL expressed as a
height above LAT should be taken as follows:
mean low water spring tide + relevant return period negative storm surge.
— |When determining the SWL for air gap calculations (safe hull elevation), a reasonably foreseeapble extreme

return period should be used. This should be ngZshorter than 50 years, even if a lower return pdriod is used
for other purposes (e.g. the ULS assessment.in tropical storm areas).

A.6.4.5 Marine growth

Sitefspecific data should be obtained. In the absence of such data, default values for thickness and distribution are
given in A.7.3.2.5.

A.64.6 Wind

A.64.6.1 General

The| wind velodity* used for the assessment return period should be the 1 min sustained wind, felated to a
refefrence level of 10 m above MSL.

The|wind velocity profile may be defined by a logarithmic function according to ISO 19901-1, or apprpximated by
a pgwer law (see A.6.4.5.2). A comparison of wind actions shows that the power law profile is slightly more severe
than the ISO 19901-1 logarithmic profile, see ISO/TR 19905-2:2012, 6.4.5.1. Typically, the average difference is in
the range of 7 % for a 1 min average wind speed of 20 m/s at 10 m above sea level, and 2 % for a 1 min average
wind speed of 40 m/s.

Different jack-up configurations (weight, centre of gravity, cantilever position, etc.) may be specified for operating
and elevated storm modes. In such cases, the maximum wind velocity considered for the operating mode should
not exceed that permitted for the change to the elevated storm mode.

Formulae for the calculation of wind actions are given in A.7.3.4.
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A.6.4.6.2

Wind profile

The expression for the vertical profile of the mean wind velocity in the form of a power law is given by
Formulae (A.6.4-14) and (A.6.4-15):

Vo =V (21 Z,e)™ forZ=Z. (A.6.4-14)
V2 =Vier forZ<Z o (A.6.4-15)
where
V, is the wind velocity at elevation Z above the SWL under consideration;
V.f is the 1 min sustained wind velocity at elevation Z ¢ (normally 10 m);
Z is the elevation above the SWL;
Z..¢ is the reference elevation above the SWL;
N is [the inverse exponent of the power law profile; N=10 unlessite-specific data indicate thaf an
alternative value of N is appropriate.
A.6.5 Geophysical and geotechnical data
A.6.5.1 Gposcience data
A.6.5.1.1 | General

Adequate gg
foundation

1 km x 1 km
area to qua
are shown
obtained frqg
no adequa
recommend
the field.

Experience
exceed thos

A.6.5.1.2

ophysical and geotechnical information'should be available to assess the suitability of the site and

square is sufficient. For areas with-regional geohazard issues, it is prudent to adopt a larger su
©tify the risk of potential geohazards, e.g. mud volcanoes, faults. Aspects that should be investig

m the surveys and investigations set out in A.6.5.1.2 to A.6.5.1.5 is required for areas where the

e data available from) ‘previous operations. In areas where information is available,
ations set out herein‘may be considered using information obtained from other surveys or activiti

bf prior jacksup operations in the same field may be used provided that the previous bearing press
e for the present operation by an adequate margin.

Bathymetric survey

the

tability. The area covered should be-sufficiently large to encompass any stand-off location; normally a

Fvey
hted

in Table A.6.5-1 and are diScussed in more detail in the referenced subclauses. The information

re is
the
S in

L|res

An appropriate bathymetric survey should be supplied for an area approximately 1 km square centred on the
proposed site. Line spacing of the survey should typically be not greater than 100 m x 250 m over the survey area.
Interlining should be performed within an area 200 m x 200 m centred on the proposed site. Interlining should
have spacing less than 25 m x 50 m. Such surveys are normally carried out using acoustic reflection systems.

A.6.5.1.3 Sea floor survey

The sea floor should be surveyed using sidescan sonar or high-resolution multibeam echosounder techniques and
should be of sufficient quality to identify obstructions and sea floor features and should cover the immediate area
(normally a 1 km square) around the intended site. The slant range selection should give a minimum of 100 %
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overlap between adjacent lines. A magnetometer survey should also be undertaken if there are buried pipelines,

cables and other metallic debris located on or slightly below the sea floor.

Sufficient information should be obtained to enable safe positioning and removal of the jack-u

p. Sea floor

obstructions, such as pipelines and wellheads, should be identified to sufficient depth to avoid the potential for
spudcan interference during both installation on and removal from site. In some cases an ROV or diver's

inspection should be obtained in addition to the sea floor survey.

Sea floor and debris surveys can become out-of-date, particularly in areas of construction/drilling activity or areas
with mobile sediments. Close to existing installations sea floor surveys should, subject to practical considerations,

be undertaken immediately prior to the arrival of the jack-up at the site. At sites with no existing surfa

ce or subsea

infrastructure, the validity of existing sea floor surveys should be determined taking account of locat;c

nditions.
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Table A.6.5-1 — Foundation risks, methods for evaluation and prevention

Soil sampling and other geotechnical testing and analysis

Increase vertical spudcan reaction

Risk Methods for evaluation and prevention Subclause
Installation problems Bathymetric survey A.6.5.1.2
Sea floor survey A.6.5.1.3
Punch-through Shallow seismic survey A.6.5.1.4
Soil sampling and other geotechnical testing and analysis A.6.5.1.5,A9.3.6
Settlement/bearing failure Shallow seismic survey A6.5.1.4
Soil sampling and other geotechnical testing and analysis A.6.5.1.5,A9.3.6
Ensure adequate jack-up preload capability A9.3.6
Sliding failure Shallow seismic survey A.6.5.1.4

A.6.5.1.5;A9.3.6

Modify the spudcans
Scour Bathymetric and sea floor survey (identify sand waves) A.6.5.1.2
Surface soil samples and sea floor currents A.6.5.1.3
Inspect spudcan foundation regularly
Install scour protection (gravel bag/artificial seaweed) when |A.9.4.7
anticipated
Geohazards [(mudslides, mud Sea floor survey A.6.5.1.3
volcanoes etf) Shallow seismic survey A.6.5.1.4
Soil sampling and other geotechnical testing and analysis A.6.5.1.5
Gas pocketsfshallow gas Shallow seismic survey A.6.5.14
Faults Shallow seismic survey A.6.5.1.4
Metal or othér object, sunken wreck, [Magnetometer and sea floor survey A.6.5.1.3
anchors, pip¢lines etc.
Local holes (depressions) in sea floor, |Sea floor survey A.6.5.1.3
reefs, pinnadle rocks, non-metallic Diver/ROV ifispection
structures of wooden wreck
Leg extractidn difficulties Soil sampling and other geotechnical testing and analysis A.6.5.1.5,A9.45
Consider change in spudcans
Jetting/Airlifting A9.45

Eccentric sp

dcan reactions

Bathymetry, sea floor & shallow seismic surveys

Shallow seismic survey (buried channels or footprints)
Soil sampling and other geotechnical testing and analysis

Seabed modification

A.6.5.1.2,A.6.5.1.3
A6.5.1.4

A6.5.1.4
A.6.5.1.5,A.9.4.2

g

Seabed slopq

Bathymetry, sea floor & shallow seismic survey

A.6.5.1.2,A.6.5.1.3
A6.5.1.4

Seabed modification

A9.4.2

Footprints of previous jack-ups

Evaluate field records

Prescribed installation procedures

Consider filling/modification of holes as necessary

A.6.5.1.1,A.65.1.2,

A.6.5.1.3
A9.4.3
A9.4.3
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A.6.5.1.4  Shallow seismic survey

A shallow seismic survey uses high resolution acoustic reflection techniques to:
— determine near surface soil stratigraphy;

— reveal the presence of shallow gas concentrations and other geohazards.

Due to the qualitative nature of seismic surveys, it is not possible to conduct analytical foundation appraisals
based on seismic data alone. The seismic data should be correlated with existing soil boring data in the vicinity
and show similar qurigmphv

A shallow seismic survey should be performed over an approximately 1 km square area centred-on the proposed
site] Line spacing of the survey should typically be not greater than 100 m x 250 m over the, survey area. The
suryey report should include at least two vertical cross-sections passing through the proposed site shqwing all the
relejant reflectors and allied geological information. The equipment used should b€ capable of identifying
reflg¢ctors of 0,5 m and thicker to a depth equal to the greater of 30 m or the anticipated spudcan pengtration plus
1,5 fimes the spudcan diameter.

A.65.1.5  Geotechnical investigation

A.6.,5.1.5.1 General
Sitetspecific geotechnical investigation and testing are recommended in areas where any of the following apply:
— |nearby geotechnical data are not available;

— |the shallow seismic survey cannot be interpreted with any certainty;
— | significant layering of the strata is indicated;

— |the site is known to be potentially hazardous.

A.6.,5.1.5.2 Soil investigation and testing

A gdotechnical investigation should‘comprise a minimum of one borehole to a depth below the sea floqr of 30 m or
the pnticipated spudcan penetration plus 1,5 times the spudcan diameter, whichever is the greater. All the layers
shotild be adequately investigated and the transition zones cored at a sufficient sampling rate.

The[number of boreh6les should account for the lateral variability of the soil conditions, regional exgerience and
the geophysical investigation. When a single borehole is made, the borehole should be at the centfe of the leg
pattern. More detdiled recommendations from the InSafe]JIP (RPS Energy 2010) are presented in Annek D.

Undjisturbed;Soil sampling, in-situ testing and laboratory testing should be conducted. Recognized in-situ soil
testing £ools include piezocone penetrometer, vane shear, T-bar and/or pressure meter tests.

A.6.5.1.5.3 Geotechnical report

The geotechnical report should include borehole logs, in-situ test records (if appropriate) and documentation of all
laboratory tests, together with interpreted soil design parameters. A competent geotechnical engineer should
select design parameters suitable for spudcan foundation assessment. For the methods recommended in 9.3 and
9.4, the design parameters should include profiles of undrained shear strength and/or effective stress parameters,
soil indices (plasticity, liquidity, grain size, etc.), relative density, submerged unit weight and the over
consolidation ratio (Ryc).

Additional soil testing to provide shear moduli for cyclic or dynamic behaviour should be undertaken if more
comprehensive analyses are needed or where the soil strength can deteriorate under cyclic loading.
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A.6.5.2 Dataintegration

The results of bathymetric surveys, sea floor surveys, shallow seismic surveys, seabed samples and geotechnical
investigations should be integrated to assess the soil conditions at the proposed site. Lateral variations of
geotechnical parameters can be assessed from the correlation of the shallow seismic data and the geotechnical

information

from the borehole logs and/or in-situ tests.

A.6.6 Earthquake data

No guidance is offered.

A.7 Actic

S

A.7.1 Applicability

Clause A.7 p

The wave
quasi-static

resents applicable formulations and methods to calculate actions for site-specific-assessments.

hnd current actions are presented for quasi-static and dynamic andlyses in A.7.3. Normal
deterministic extreme wave analysis is performed for jack-up sitespecific assessments, and|

dynamic e

cts are represented by an inertial loadset. Calculations of actions\for stochastic analysis in

f
domain sirr:Pations are also presented. Such analyses are applicable for caleulation of inertial loadsets or fof
direct calcullation of the structural responses including dynamic effects./THe hydrodynamic formulations

coefficients
actions.

Wind mode

are presented together with formulae for detailed and eguivalent modelling of leg hydrodyn:

s, flow coefficients for different structural parts anda formulation for the calculation of static {

actions are presented in A.7.3.4.

Guidance on

the determination of the functional actions ds presented in A.7.4.

A.7.2 Genleral

No guidancg
A.7.3 Met
A731 G

A.7.3.1.1

The wave/(
structures s

is offered.
ocean actions
pneral

Load cases

urrent“actions on the legs and other structures and the wind actions on the hull, legs and o
hould be considered due to either

y a
the
ime
the
and
mic

vind

ther

a)

b)
1) 10
2) 10
3) 10

86

the 50 year return period individual extremes, or

the most onerous combinations of the following 100 year joint probability metocean data:

0 year return period wave, the associated current and associated wind;
0 year 1 min wind, the associated wave and associated current;

0 year current and the associated wave and associated wind.
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A.7.3.1.2 Methods for the determination of actions

This subclause describes how the actions are developed for determining the jack-up response by one of two
alternative methods, deterministic and stochastic.

A deterministic analysis involves developing static metocean actions and an inertial loadset. The inertial loadset
can be developed from either an SDOF method or a stochastic assessment of the wave actions to develop a DAF.

A more detailed stochastic time domain analysis procedure implicitly includes inertial actions and can account for
non-linearities of the action and foundation interaction.

Thelaction calculation procedure should follow the steps in the applicable column of Table A.7.3-1.

Table A.7.3-1 — Metocean action calculation procedures

Fully
Tobic Description Deterministic) Stochastic ||integrated
P P analysis DAF method || stochastic
analysis
Water depth Define storm water depth considering LAT, tide and storm A6.44
surge T
Curfent Define current velocity and profile. A6.4.3
Determine the effective local current profile by multiplying
the specified current profile by a factor accounting for A.7.3.3.4
interference from the structure on the flow field.
Determine the current profile above mean water level in the
presence of waves by stretching the current profile such A6.4.3
that the surface component remains cofstant.
Waye Specify wave height and range of associated wave periods. A.6.4.2.2
A6.4.2.3
Determine if supplied wayve\periods are intrinsic or A.7.3.35,
apparent and calculate the.other value that has not been ISO 19901-1:2015, 8.4.4 and A.8.4.3
supplied
Define the return period significant wave height and not applicable

corresponding\spectral peak period A6425 A6427

Calculate’effective significant wave height as appropriate not applicable A.6.4.2.6

Specify wave spectrum, wave direction and wave spreading | not applicable 76425 N64.2.8

function
Calculate wave velocities and accelerations by not applicable
superposition of intrinsic wave components representing A.7.3.3|3.2
the wave spectrum and wave spreading functions
L . L
Is deterministic wave subject to cancellation? A10.4.25 n.ot
applicable
Wave theory Determine the two-dimensional wave kinematics from an not applicable
appropriate wave theory for the specified wave height, A7.3.33.1
storm water depth, and intrinsic wave period
Apply a reduction factor to the wave kinematics A6.4.2.3 not applicable
Scal.e the Apply partial fac.tolrs _to w1pd, wave and current to match not applicable A10.5.3.2
environment factored deterministic actions
Hydrodynamic | Establish detailed or equivalent leg models to represent A7321,A73.22,A.7.3.23,A.7.3.2.6
modelling structural members and appurtenances
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Table A.7.3-1 (continued)

Fully
Tobic Description Deterministic | Stochastic | integrated
P p analysis DAF method | stochastic
analysis
Determine drag and inertia coefficients (detailed or
. . A7.3.2.4,
equivalent) as functions of member shape, roughness
. . : . A7.3.2.5
(marine growth), size, and orientation.
Include the marine growth thickness relevant for the site A7 anc
and duration of the planned operation
Wave/currept | Combine local current profile vectorially with the wave
action kinematics to determine locally incident fluid velocities and A.7.3.3.3.1,
accelerations for calculation of wave and current actions by A.7.3.3.3.2
Morison's equation.
Wind Define wind speed and wind profile A64.6
Wind action Define shape coefficients and calculate the static wind A73.4
action. e
Functional ) . .
. Define functional actions A7.4
actions
Other actionp Define other actions A7.8
Stochastic DAF | Does natural period coincide with cancellation or hot applicable A.7.3.3.3.3, not
reinforcement pp A.10.4.2.5 applicable
. . . A10.5.2.2.3, not
Determine DAF stochastically not applicable A1053 applicable
Method of Determine DAF either deterministically or stochastically. € follow
. . . . : A10.5.2.2.2 o not
inclusion of Represent dynamic effects by an inertial loadset deterministic .
. A.10.5.2.2.3 . applicable
dynamic effects analysis
in analysis ) T ] ]
Does natural period coincide with cancellation or not apolicable | not applicable A.7.3.3.3.3,
reinforcement? PP PP A10.4.2.5
Action factofs | Apply action factors to the metocean actions and dynamic not applicable
8.8.1.2 8.8.1.
effects
Load cases Develop assessmentload-case by linearly combining the 8811 not applicable
factored metocean-actions with the factored functional S 8.8.1.1
. A.10.5.2.2.3
actions
Additionalload cases if [Tn/Tp) >0,9 A10.5.2.2.3 not applicable n_ot
applicable
When a fully integrated stochastic analysis is undertaken (see 10.3), partial factors are applied to the meto¢ean

parameters

instead of the metocean actions, as described in A.10.5.3 and 8.8.1.3. When using stochastic dynamic

analyses for the purpose of determining a DAF, no partial action factors are applied; however, in the subsequent
deterministic analysis including the inertial loadset based on the stochastic DAF, the action factors described in
8.8.1.2 are applied.

A.7.3.2 Hydrodynamic model

A.7.3.2.1

General

The hydrodynamic modelling of the jack-up leg can be carried out by utilizing “detailed” or “equivalent”
techniques. The hydrodynamic properties are then found as described in A.7.3.2.2 to A.7.3.2.4. In all cases, the
provisions in the remainder of A.7.3.2.1 should be considered.

88
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The drag properties of some chords represented by the product of the drag coefficient C; and diameter D differ for

flow in the direction of the wave propagation (in the wave crest) and for flow back in the opposite direction (in the
wave trough). Often the combined drag properties of all the chords on a leg gives a total value along a particular axis
that is independent of the flow direction. When this is not the case, it is recommended that the effect is included

directly in the wave/current action model. Otherwise, where possible it is recommended that

a)

regular wave deterministic calculations use drag properties appropriate to the flow direction under
consideration, noting that the flow direction is that of the combined wave particle motion and current;

b) for random wave analyses which are solely used to determine dynamic effects for inclusion in a final regular

wave deterministic calculation.onthe basis of item a\ ahr\vn an-average draga nv‘nnnrhr isconsider
t=) or r

d}

c) |for random wave analyses from which the final results are obtained directly the dragproperty in the
direction of wave propagation is used.
Lengths of members are normally taken as the node-to-node distance of the members’in order to|account for

smalll non-structural items (e.g. anodes, jetting lines of less than 4" nominal diameter);’see note below|.

strul
pipg
NOT]

betw
equi

The
mod

spuglcan height, the effect of the spudcan is normally insignificant. Otherwise, hydrodynamic action

mod

7.3.2.

On

For
acti

NOT]

the flow field, is normally not(included in the determination of the hydrodynamic coefficients or jack-ups. Jack-u

spad
imp

Coe
the
non

gome jack-ups, the lower section of the leg<adjacent to the spudcan can be heavily reinforced for
shotild be explicitly modelled.

ctural items, such as raw water pipes and ladders, should be included in the todel. Free standin
s and raw water towers should be considered separately from the leg hydragdynamic model.

E 1 For the purpose of this calculation, a node is defined as the point Where two member axes inte
een terminating members along the axis of the continuous member at the’ node may be used when c
valent Cyy.

D

contribution of the part of the spudcan above the sea floor sheuld be investigated and only exclug
el if it is shown to be insignificant. In water depths greater-than 2,5H or where penetrations exd

elled with hydrodynamic coefficients applicable for" large diameter members; see ISO/TR 19
4 and 7.3.2.5.

Large non-
g conductor

rsect. Offsets
lculating the

ed from the
eed half the

s should be
D05-2:2012,

fowage; this

leg structural members, shielding .and solidification effects should not normally be applied in calcplating wave

ns. The current flow is however.reduced due to interference from the structure on the flow field, see A
E 2 The solidification effect) which increases the actions from waves due to interference from objects “si

e frame structures with-few parallel members in close proximity so that shielding and solidification effects a
rtant. However, solidification can be important for closely spaced members such as are found in some raw w

ficients for individual members with closely attached appurtenances should be calculated by ac
rombined/Shape with reference to relevant literature (DNV-RP-C205, 2010). Model test data may

7.3.3.4.

He by side” in
bs are usually
e usually not
hter systems.

Counting for
be used for

circular-mfembers, if available. In such cases the effects of roughness, Keulegan-Carpenter and Reynolds

ibrated for SNAME Technical and Research Bulletin 5-5A (2002). Model tests and analytical

bewdependence should be considered. The building block methodology described below was de

veloped and
studies for

hethodology

used here. This is particularly true for legs in which tubular members contribute significantly to the total drag
coefficient because of Reynolds number dependency.

A.7.

3.2.2  “Detailed” leg model

All members are modelled with Morison coefficients accounting for member cross-section orientation relative to
the flow direction. Members can be lumped together using the corresponding Cp,D = 2C}y;D; and CyA = 2CynD?/4,

accounting for flow direction, as defined in A.7.3.2.4.

© ISO 2016 - All rights reserved

89


https://standardsiso.com/api/?name=8527c9f5bb05f1c49fb3d22fe0c1b5c3

ISO 19905-1:2016(E)

A.7.3.2.3 “Equivalent” leg model

The hydrodynamic model of a bay is comprised of one, “equivalent” vertical tubular located at the geometric

centre of the actual leg. The corresponding (horizontal) v, Un and I}, are applied together with equivalent
CpD =2CpD, and CyA = ZCy A, as defined in A.7.3.2.4. The model should be varied with elevation, as necessary,
to account for changes in dimensions, marine growth thickness, etc.

When the hydrodynamic properties of a lattice leg are idealized by an “equivalent” model, the properties can be
found using the method given below.

The equivalent value of the drag coefficient, Cp,, times the equivalent diameter, D,, of the bay can be chesen as
given in Fornula (A.7.3-1):

Co.DJ=D,2C,., A7B-1)
The equivalent value of the drag coefficient for each member, Cpy,;, is determined as given in Formula (A.7.3 2)

D.

Coe ={[Sin? B, +cos? g, sin® ¢, ]**Cp, == (A7B-2)
D.s
where
Cp; ik the drag coefficient of an individual member 7 as defined:in’A.7.3.2.4;
D; is the reference diameter of member i (including marine growth as applicable) as defined in A.7.3.2]4;
D, is the equivalent diameter of leg, suggested as. \/(2 Dizli /s;
L is the length of member i node to node centre;
s is the length of one bay, or part of.bay considered;
o is the angle between flow direction and member axis projected onto a horizontal plane;
B; is the angle defining'the’'member inclination from horizontal (see Figure A.7.3-1).
NOTE 1 ¥ indicates sumination over all members in one leg bay.

The above| expression for Cp, can be simplified for horizontal and vertical members as giver] in
Formulae (4.7.343)and (A.7.3-4):

vertical Members (€.g. chords): Coe =Co (D 7D) (&73-3)

horizontal members: Cpei =SIN (Oti)CDi —_— (A.7.3-4)
D.s

The equivalent value of the inertia coefficient, Cy;,, and the equivalent area, A4, representing the bay can be

determined from the following:

Cye is the equivalent inertia coefficient, which may normally be taken as 2,0 when using A...
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A, the equivalent area of leg per unit height, is equal to (2A4,1))/s.
A, the equivalent area of member or gusset, is equal to zD;2/4.
D;, the reference diameter, is chosen as defined in A.7.3.2.4.

For a more accurate model, the Cy,, coefficient may be determined as given in Formula (A.7.3-5):

CueA = AZCy (A7.3-5)
whdre
(02 2 3 cin? Al
Cyei =[1+(sin® g, +cos” g.sin“ ¢, )(Cy,, —1)]| —— (A.7.3-6)

As

Cym

i
dimension D,.

NOTE 2 For dynamic modelling the added mass of fluid per unit height of leg may be determined as pA;

single member or pA (Cy,, — 1) for the equivalent model, provided that A, is &s'defined above.

Key

1 |flow direction

2 |memberi

s |bay height

a; |angle between flow direction and axis of member i projected onto a horizontal plane
B; |angle'defining the inclination of member i from horizontal

NOTE Based on DNV Classification Note 31.5, (1992).

is the inertia coefficient of an individual member, which is defined in ‘A.7.3.2.4 related

o reference

Cy;— 1) for a

Figure A.7.3-1 — Flow angles appropriate to a lattice leg

A.7.3.2.4 Dragand inertia coefficients

Hydrodynamic coefficients for leg members are given in this subclause. Tubulars, brackets, split tube and
triangular chords are considered. Hydrodynamic coefficients including directional dependence are given together
with a fixed reference diameter D, No other diameter should be used unless the coefficients are scaled

accordingly. Unless better information is available for the computation of wave/current actions, the values of drag

and inertia coefficients applicable to Morison's equation should be obtained from this subclause.
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Recommended values for hydrodynamic coefficients for tubulars with a diameter smaller than 1,5 m are given in
Table A.7.3-2, based on the data discussed in the supporting ISO/TR 19905-2:2012, 7.3.2.4.

Table A.7.3-2 — Base hydrodynamic coefficients for tubulars

Surface condition Cp; Cy;; for wave load analysis Cy; for earthquake
Smooth 0,65 2,0 2,0
Rough 1,00 1,8 2,0
The smootH values normally apply above MSL+2 m and the rough values below MSL + 2 m, where MSL s as

defined in 4

Hydrodynar
7.3.2.4 and ]

Actions due

applied togg
otherwise. ]

chosen such
model of A.]
plane of the

For non-tulj
detailed inf
appropriate

.6.4.4. If the jack-up has operated in deeper water and the fouled legs are not cleaned(the’ sur
should be tdken as rough for wave actions above MSL + 2 m.

hic coefficients for large diameter members may be calculated according to ISQ/TR 19905-2:2

.3.2.5.

to gussets should be determined using a drag coefficient as follows:

D

ther with the projected area of the gusset visible in the flow*direction, unless model test data s
his drag coefficient may be applied together with a reference’diameter D; and corresponding leng

that their product equals the plane area, A;=D;; and-D;=1; (see Figure A.7.3-2). In the equiv4

[.3.2.3 the gussets may be treated as an equivalent horizontal member of length I, with its axis in

gusset. C;; should be taken as 1,0 and marine growth may be ignored.

face

D12,

how
th [;

lent
the

ular geometries (e.g. leg chords) the appropriate hydrodynamic coefficients may, in lieu of more
rmation, be taken in accordance with Figure A.7.3-3 or Figure A.7.3-4 and corresponding formula

\/

I

b, as

Key

SN

~

92

flow direction

visible part of gusset i
area of gusset i; A; =1, D;
reference diameter of gusset i

reference length of gusset i

Figure A.7.3-2 — Gusset plates: equivalent modelling
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Key
1 flow direction
2 rough
3 smooth
Cp; |drag coefficient for use with D;
D; |reference dimension of chordi
W |average width of the rack
0 angle between flow direction and plane of rack (degrees)

For
D;=

Figure A.7.3-3 — Split tube-chord and typical values for C;

a split tube chord as shown in Figure A.7:3-3 the drag coefficient Cp, related to the referenc
D +2t, the diameter of the tubulaf including marine growth as in A.7.3.2.3, should be

Formula (A.7.3-7):

whe

Cho ; 0° <@ <20°
C.. = w
D .2 o . o o
" 1Coo + |Coz Cpo fsin (0-20°)9/7] 20° < 6 < 90
1
re
t, is-theé marine growth thickness;

6 is the angle in degrees; see Figure A.7.3-3;

b dimension
taken from

(A.7.3-7)

is the drag coefficient for a tubular with appropriate roughness, see Table A.7.3-2;

Cp1 is the drag coefficient for flow normal to the rack (6=90°), related to projected diameter, W. Cpy; is

given by Formula (A.7.3-8):

18 ; W/D; < 12
Cpy =114 +1/3(W / D;) ; 12 < W/D; <18
2,0 ; 18 < W /D,
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The inertia coefficient Cy; = 2,0, related to the equivalent volume 7D/?/4 per unit length of member, can be applied

to all heading angles and any roughness.

)
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Key

1 flow dirpction

Cp; drag codfficient for use with D;

D; referende dimension (height of backplate) of chord i

W width of chord to mid-point of rack tooth

6  angle bdtween flow direction and plane of rack (degrees)

120 150

Figure A.7.3-4 — Triangular chord-and typical values of C};

180 6

For a triangular chord as shown in Figure A.7.3-4, thé_drag coefficient Cp; related to the reference dimen

D; =D, the bpckplate width, should be taken from Formula (A.7.3-9):

Cpi= Clpr(6) D, (6)/D;

(A.7.

where the dfrag coefficient related to the'projected diameter, CDpr' is determined from Formula (A.7.3-10):

1,70 0= 0°

1,95 0 = 90°
Cppr () = 11,40 0 = 105°

1,65)" ; 0 =180°— 6,

200 0 = 180°

(A.7.3

sion

B-9)

10)

Linear interpolation should be applied for intermediate headings. The projected diameter, Dpr(H), should be

determined from Formula (A.7.3-11):

D, cos @ ; 0<0<,
Dpr(H) = {Wsin 0 + 0,5D.|cosd| ; 0,<0<180—-6,
D;|cosd)| ; 180-6, <6 <180

The angle 6,, is the angle where half the rackplate is hidden, 6, = tan~1[D,;/(2W)].
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The inertia coefficient Cy; = 2,0 (as for a flat plate), related to the equivalent volume of 7zD?/4 per unit length of
member, can be applied for all headings and any roughness.

Shapes, combinations of shapes or closely grouped non-structural items which do not readily fall into the above
categories should be assessed from relevant literature (DNV-RP-C205, 2010) and/or appropriate interpretation of
(model) tests. The model tests should consider possible roughness, Keulegan-Carpenter and Reynolds number
dependence.

A.7.3.2.5 Marine growth

Some-ofthe-influences-ofmarinegrowthare:

— |an increase in the hydrodynamic diameter;

— |increases in weight, buoyancy, mass and added mass;

— |variation of the hydrodynamic drag coefficient as a function of roughness (see ISQ/TR 19905-2).

The|thickness and type of marine growth depend on the site and can vary with duration on site, depthjand season.
Wheére possible, site-specific or regional data should be used. If such data are.not available, all members below
MSI + 2 m should be considered to have a marine growth thickness equal te, 42,5 mm (i.e. total of 2% mm across
the |[diameter of a tubular member). In some areas of the world, this~default thickness can be pignificantly
excgeded.

The|nominal sizes of structural members, conductors, risers, and ‘appurtenances should be increasedl to account
for fhe thickness of pre-existing and new marine growth. Mdrine growth on the teeth of elevating racks and
profruding guided surfaces of chords can normally be ignored.

The|marine growth thickness may be ignored if anti-fouling, cleaning or other means are applied. [The surface
roughness should still be taken into account, see A.7.8:2:4 or ISO/TR 19905-2:2012, A.7.3.2.4.

A.7B.2.6 Hydrodynamic models for appurtenances

Raw water caissons on the legs and theirguides should be included in the hydrodynamic model of the ptructure.

NOTE The guides for raw water.caissons can cause a significant increase in the leg drag load, especially When they are
comprised of high drag sections such as'l-beams, flat bar, etc.

Depending upon the typ€ and quantity, appurtenances can significantly increase the global whve actions.
Appurtenances such ag-stairways, ladders and jetting lines should be considered for inclugion in the

hydfodynamic model of the structure.

Appjurtenances are generally modelled by means of increasing the effective diameter and/or hydrodynamic
coefficients of a\structural member.

A.7.B.34A_Wave and current actions

A7.3.3.1 General

Hydrodynamic actions for deterministic or stochastic analysis should be calculated using the Morison equation in
combination with the hydrodynamic model and appropriate wave theories as described in the remainder of
A.7.3.3. The wave and current velocities should be combined before they are used in the Morison equation. The
intrinsic and apparent wave periods should be used appropriately; see A.7.3.3.5.
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A.7.3.3.2 Hydrodynamic actions

Wave and current actions on slender members having cross-sectional dimensions sufficiently small compared
with the wave length should be calculated using the Morison equation. The Morison equation is normally
applicable providing that

A >5D; (A.7.3-12)
where

A is the wave length;

D; is the reference dimension of member (e.g. tubular diameter).

The Morison equation specifies the action per unit length as the vector sum as given in Formula (A.7.3-13):

AF = 4F + AF,

drag inertia — O'SpDCDVn ‘Vn‘ + pCyAu, — pCAAfn (A.7.3F13)
where the t¢rms of the formula are described as follows.

To obtain the drag action, the appropriate drag coefficient (Cp) should be chosen i combination with a refer¢nce
diameter, infcluding any increase for marine growth, as described in A.7.3.2.

The Morison drag action formulation is as given in Formula (A.7.3-14):

AF drag

= 0,50CDv, |v,| (A7.3114)
where

AFgrag | s the drag action (per unit length) normal+to the axis of the member considered in the analysis|and
in the direction of v ;

P is the mass density of water (normally 1 025 kg/m3);

Cp is the drag coefficient (= C;orCp, from A.7.3);

vy is the fluid particle velogity resolved normal to the member axis;

D is the reference-dimension in a plane normal to the fluid velocity v, = D, or D, from A.7.3.

The fluid particle velocity, v, may either be the absolute or relative fluid particle velocity. In a determinjistic

analysis, th¢ absolute:fluid particle velocity is applied. In a stochastic analysis, the fluid particle velocity, v, nay
be taken as given in Formula (A.7.3-15):

Vh = Uj ""V’Cn = |'n (A.7.3-15)
where

u,+ Ve, is the combined particle velocity found as the vector sum of the wave particle velocity and the
current velocity, normal to the member axis;

[ is the velocity of the considered member, normal to the member axis and in the direction of the
combined particle velocity;

a =0, if an absolute velocity is to be applied, i.e. neglecting the structural velocity;
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=1, if relative velocity is being included. It may be used for stochastic/random wave action analyses

only if the following applies:
u*T,/D;> 20
where
u* s the particle velocity = V. + 7H /T, ;;

T,

., is the first natural period of surge or sway motion;

To

Cros
The

whae

The
stog

whae

In a

to the left hand’side of the formula of motion and added to the structural mass.

D; 1s the reference diameter of a chord.

NOTE See also A.10.4.3 for relevant damping coefficients depending on «.

btain the inertia action, the appropriate inertia coefficient (Cy;) should be taken jn.combinati
s-sectional area of the geometric profile, including any increase for marine growth, as described

Morison's inertia action formulation is as given in Formula (A.7.3-16):
AFinertia =P CMAan —-p CAAfn
re
AF;criia 1S the inertia action (per unit length) normal to the member axis and in the direction of [i
Cym is the inertia coefficient;
A is the cross-sectional area of member (equal.to 4; or A, from A.7.3.2);
up, is the wave particle acceleration normal to member;
Cp is the added mass coefficient, Cp=Cy — 1;
[ is the acceleration of the considered member, normal to the member axis and in the dir

combined particle acceleration.

last term in Formula (A.7.3;26J"is not included in a deterministic analysis. The term should be i
hastic analysis representing the added mass force due to the member acceleration.

ma i"n =p CA A i"n
re m, is the added mass contribution (per unit length) for the member.

dynamicgesponse analysis, the added mass (m, integrated over the member length) is normally

on with the
in A.7.3.2.3.

(A.7.3-16)

bction of the

hcluded in a

(A.7.3-17)

transferred

A7,

3.3.3 Wave models

A.7.3.3.3.1 Deterministic waves

For deterministic analyses an appropriate wave theory for the water depth, wave height and period should be
used, based on the curves from ISO 19901-1:2015, A.8.4.2, as shown in Figure A.7.3-5. For practical purposes,
Stokes' 5th (within its bounds of applicability) or an appropriate order of Dean's Stream Function are acceptable
for regular wave elevated storm analysis.

If breaking waves are indicated according to ISO 19901-1:2015, A.8.4.2, it is recommended that the wave period is
changed to comply with the breaking limit for the specified height.
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Figure A.7.3-5 — Regions of applicability of alternative wave theories

A.7.3.3.3.2 Stochastic waves

Time domain analysis is recommended for stochastic wave jack-up analysis. In such analyses the waves are
modelled using a random superposition model to represent the wave spectrum; see A.6.4.2.5 to A.6.4.2.8. It is
recommended that the random sea state be generated from the summation of at least 200 component waves of
height and frequency determined to match the wave spectrum. The phasing of the component waves should be
selected at random. A two-dimensional first order simulation using linear (Airy) waves is normally sufficient.
However, when the effects of wave spreading is explicitly included in the analysis method, a three-dimensional
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simulation using a higher order wave theory should be used to capture higher frequency interaction effects (e.g.
those due to frequency sum terms).

For first order wave kinematic models, the extrapolation of the wave kinematics to the free surface (wave
stretching) is most appropriately carried out by substituting the true elevation at which the kinematics are
required with one which is at the same proportion of the still water depth as the true elevation is of the

instantaneous water depth. This can be expressed as given in Formula (A.7.3-18):

2-¢

Z' :m (A.7.3-18)
whdre

7z is the modified coordinate for use in particle velocity formulation;

z  is the vertical coordinate relative to the SWL under consideration, positive)upwards, af which the

kinematics are required;

¢  is the instantaneous water level (same axis system as z);

d isthe water depth, still or undisturbed (positive).
Thiq method ensures that the kinematics at the instantaneous free,surface are always evaluated from the linear

wavj
A7.

For
inst

The
mod
ano
line
theg
pro

e theory expressions as if they were at the still water level; see Wheeler (1969) and ISO/TR 19
8.3.3.2.

hntaneous wave surface should be adopted.

ification around the free surface to account\for free surface effects, together with the fact that dra
n-linear (squared) transformation of wave kinematics, makes the hydrodynamic action excitation
ir. As a result, the random excitation'is-hon-Gaussian. The statistics of such a process are generall
retically, but the extremes are generally larger than the extremes of a corresponding Gauss
ess. For a detailed investigation“of the dynamic behaviour of a jack-up, the non-Gaussian effecf

inclfided. Multiple procedures for doing this are presented in Annex C.

Whyg
to t
Mor
dete

A su

n the random displacements of the submerged parts are small and the velocities are significant
he water-particle yeéloeities, the damping is not well represented by the relative velocity formu
ison equation, which tends to overestimate the damping and underpredict the response. A

rmining the applicability of the relative velocity formulation is given in A.7.3.3.2.

mmary, of recommendations for the time domain modelling of random waves is given in Table A.7

higher order wave-kinematic models, an appropriate alternative for stretching the wave py

D05-2:2012,

ofile to the

statistics of the underlying random wave process are Gaussian and fully known theoretically. The empirical

r actions are
always non-
’ not known
ian random
s should be

with respect
ation in the
riterion for
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Table A.7.3-3 — Recommendations for modelling of time domain stochastic waves

Method

Recommendations

Time domain

Generate random sea from at least 200 components and use divisions of generally equal energy. It is
recommended that smaller energy divisions be used in the higher frequency portion of the spectrum, which
generally contains the reinforcement and cancellation frequencies. For each component, the relationship
between wave length and frequency should be taken according to its linear dispersion relationship (Sarpkaya,
1981).

Unless indicated otherwise in the site-specific information, the validity of wave surface simulation should be
checked against the criteria given below. The criteria for higher order waves should be taken to assure that

H_ mean waves and maximum crests are within practical limits
< !

— correct mean wave elevation;

— standard deviation = (H /4) £ 1 %;

— -0,03 <skewness < 0,03;

— 2,9 <Kkurtosis < 3,1;

— maximum crest elevation = (H,/4) \/2In(N) -5 % to +7,5 %;

where N is the number of cycles in the time series being qualified, N = Duration/T,.

Integration time step less than the smaller of

T /20 or T, /20

where

T, isthe apparent zero-upcrossing period of the wave spectrum;

T. isthejack-up natural period, see A.10.4.2.1

n
(unless it can be shown that a larger time step leads to ne significant change in results).

Avoid transient effects, discard at least the first 100’s (the “run-in”).

Ensure the simulation is of sufficient duration so that the method chosen results in demonstrably sthble
MPME responses; see also A.10.5.3.4 and Anhex C.2.

A.7.3.3.3.3 | The effect of directionality and spreading on dynamic response

Both the mggnitude of the actions on the structure and the dynamic amplification are affected by cancellation|and

reinforcemgnt of wave actions, dependent on leg spacing (heading) and wave length. The effects of directionplity

and wave spreading should therefgre be considered in any random dynamic analysis. The following two methods
can be used|to develop a representative DAF in conjunction with adjustments to the natural period (A.10.4.2.5]3).

Method 1: I a two-dimengional long-crested simulation, the effect of directionality can be included by developing

a base shear transfer function (BSTF) accounting for spreading, “BSTF with spreading”, as described below [[see

7.6.4 of Sarpkaya (1981)1.

a) Develop a setof two-dimensional BSTFs, one for the “principal” direction of interest, and the others offset
from thle principal direction.

b) For each offset direction, calculate a directionality contribution factor from ISO 19901-1:2015, A.8.3.2.1, or
from ISO/TR 19905-2:2012, 6.4.2.8. Each factor corresponds to a given percentage of area under the
directionality function such that the sum of all the factors is 1,0.

c) The “BSTF with spreading” is then the sum of each two-dimensional BSTF (principal one plus the offset
directions) multiplied by the corresponding directionality factors. Be aware that only the principal direction
vector component of the offset direction BSTFs is used.

d) The BSTF for the chosen two-dimensional (long-crested/unspread) analysis direction and the “BSTF with
spreading” are compared to determine whether the selected direction is unconservative. Optimally, the
direction of the two-dimensional sea state should be chosen to obtain a match with the three-dimensional
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BSTF for the entire wave frequency range. If this is not possible, the match between the spread and unspread
BSTFs should be good at the natural period.

Method 2: To minimize reinforcement and cancellation effects, it is suggested that the dynamic analysis be carried
out for a single wave heading along an axis that is neither parallel nor normal to a line through two adjacent leg
centres. Thus, for a 3-legged jack-up with equilateral leg positions and a single bow leg, suitable analysis headings
can be with the weather approaching from approximately 15° or 45° off the bow. The DAFs should be determined
for one, or both, of these headings with suitably adjusted natural period; see Figure A.10.4-1. The DAFs (or more
conservative DAFs) can then be applied to the final deterministic analysis for all headings.

A.7.3.3.4 Current

The|current velocity and profile as specified in A.6.4.3 should be used. Where the current prefile i§ defined by
discrete points, linear interpolation between the data points is sufficient.

The|current induced drag actions are determined in combination with the wave actions.This is carrigd out by the
vectorial addition of the wave and current induced particle velocities prior to the draglaction calculatigns.

The|current velocity may be reduced to account for interference from the structure with the flow| field of the
curilent, as given in Formula (A.7.3-19); see Taylor (1991) and ISO/TR 1990542:2012, 7.3.3.4:

Ve =Vi[1+CpD, /(4Dp)] " (A.7.3-19)
whdre
Ve is the current velocity for use in the hydrodynaniic model; V. should not be taken as less than 0,7V
Ve is the far field (undisturbed) current velogity;

is the equivalent drag coefficient of'the leg, as defined in A.7.3.2;
is the equivalent diameter of the'leg, as defined in A.7.3.2;

Dy is the face width of leg,;outside dimensions, orthogonal to the flow direction.

A.78.3.5 Intrinsic and apparent wave periods

Thelintrinsic wave period is based on a reference frame travelling with the speed and direction of the furrent, and
shotild be used, except as detailed later in this subclause, to calculate the wave kinematics. The apparent wave
period is that which is observed by a stationary observer and is the period that should be used to ¢alculate the
jacktup dynamics. The intrinsic wave period, in conjunction with the water depth and appropriate wave theory,
are pised to_calculate the wave length.

NOTE% There is only the intrinsic wave length; there is no apparent wave length. If one applies the apparenf wave period
in an analysis, the excitation period is correct but both the kinematics and the wave Iength are wrong. The wrong wave length
means that the legs of a jack-up are at the wrong relative positions in the wave. The conceptual solution is to model the un-
modified intrinsic wave with the jack-up moving into the wave at the current velocity.

It is important to determine whether the supplied wave period is apparent or intrinsic, taking due care to ensure
that ISO 19901-1 terminology is consistently adhered to at all times. ISO 19901-1 terminology can conflict with
the definition of these terms used by the supplier of the metocean data.

NOTE 2 ISO 19901-1 uses terminology conflicting from that in API RP 2A-LRFD, (1993). In ISO 19901-1, the “apparent”
wave period is defined as the wave period seen by a stationary observer, while the “intrinsic” wave period is the wave period
seen by an observer moving with the current. In API RP 2A the “actual” wave period is defined as the wave period seen by a
stationary observer, while the “apparent” wave period is the wave period as it “appears” to an observer moving with the

© ISO 2016 - All rights reserved 101


https://standardsiso.com/api/?name=8527c9f5bb05f1c49fb3d22fe0c1b5c3

ISO 19905

-1:2016(E)

current. By comparison, ISO 19901-1 “intrinsic” equates to RP 2A “apparent”, and 1SO 19901-1 “apparent” equates to RP 2A

“actual”.

Formulae for transformation between the intrinsic and apparent wave periods are given in ISO 19901-1:2015,
A.8.4.3. It gives no direct guidance on modifying short crested sea states, although a suitable method can be
inferred. The assessor should ensure that the correct procedure is used by the software in calculating wave
particle kinematics and dynamics; it is important to understand the terminology used by the software vendor; see

Note above.

In summary, the steps taken to convert intrinsic to apparent wave period are as follows.

Calculate the wave length based on the intrinsic wave period and the water depth, using a suitable wave

a)

theory.
b) Calcula
c) Calcula

is incre

directig
d) Calcula
Conversion
undertaken

Care should

greater than or equal to zero, otherwise the waves move backwards. This is likely to be relevant only for

short periog
This conver

currents ovi
water colu]

ViN-LINE T3
Formula (A.

VINfLI

where

i

i

Le the intrinsic wave celerity as wave length divided by intrinsic wave period.

Le the apparent wave celerity by adding the resolved current velocity to the wave celerity (the celg
ased if the current is in the same direction as wave propagation, and decreased_if-in an oppo|

n).
Le the apparent wave period as the wave length divided by the apparent celerity.

from an apparent wave period to an intrinsic wave period follows\a similar approach, bt
iteratively.

be taken with opposing currents that the vector sum of apparent celerity and current is alv
waves when developing the apparent component period$iof'a random seastate.
br the full water depth. It can be used practicallyif the current is uniform over the top 50 m of

hn. In cases of a non-uniform current profilé;-a weighted, depth-averaged in-line current sp
y be used, as shown in ISO 19901-1:2015; A.8.4.3, and Kirby and Chen (1989) and as give

7.3-20):

2k
sinh (de)

= f_od v, (z) cos 0(z) cosh[Zk(Z—i—d)]dz

5 the wave number= 2n/4;
5 the actual wave length (i.e. deepwater wave length corrected for water depth);

5 the water depth;

(A.7.3

rity

Sing

bays
pery

sion procedure between apparent and intrinsic periods strictly applies in the case of simple uniform

the
eed,
h in

20)

V.(z) i

5 the current velocity at depth z;

z i

A2)

s the vertical coordinate relative to the SWL under consideration, positive upwards;

when in line.

is the angular direction of the current at depth z relative to the wave propagation direction; &(z) = 0,0

In a two-stage analysis the deterministic quasi-static wave/current actions should be determined using the
intrinsic period.

The apparent wave period should be used for the SDOF DAF calculation of Ky s spop-

102
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For stochastic calculations, the rigorous approach is to develop the particle kinematics for the components using
the intrinsic wave period and to develop the wave/current actions by applying the intrinsic kinematics to the jack-
up by using component wave phases based on the apparent wave period. This approach should be used for one-
stage analysis and for two-stage analysis with a non-linear foundation model for the DAF calculations. This
procedure is difficult if the available analytical tools do not have the feature implemented.

When undertaking a two-stage deterministic storm analysis (A.10.5.2) using a DAF developed from a random
dynamic analysis (A.10.5.2.2.3) with linearized foundations, it can be acceptable to use a spectrum with an
apparent peak period for all stages in the calculation of Kpap ganpom @nd the inertial loadset. The error is expected

to be small when the ratio Tp_i/Tp is within the range 1 £ 0,08. If this approach is used, the analysis should also be

und
mon

A7,

A7)

The

o
1
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Lo =1
,1/ Ip 1S OULSIUc

e rigorous approach should be considered.
3.4 Wind actions

3.4.1 Wind action

wind action on each component (divided into blocks of not more than @5 m vertical extent),

computed using Formula (A.7.3-21):

whae

The

whe

Win|

Fy; = PiAy;

re

P; isthe pressure at the centre of block i;

Aw;

; 1s the projected area of block i perpendiculap;to the wind direction.

pressure P; should be computed using Formula (A.7.3-22):
_ 2
P, =05pV;.C,
re

p  is the density of air (taken as 1,222 4 kg/m3 unless an alternative value can be justified for thl

V.

,i is the specifiedwind velocity at the centre of block i; see A.6.4.5.2;

C, istheshape coefficient, as given in A.7.3.4.2.

d actions on legs below the hull should be calculated to either the instantaneous wave surface or tq

his range, a

Fyp» can be

(A.7.3-21)

(A.7.3-22)

e site);

SWL.

NOT

taken as the

Thewind-area—of-tha hull and ascociatad-structurastavcludina derrick and laac) can narmally b
\Y o ovJ J

projected area viewed from the wind direction under consideration.

A.7.3.4.2  Shape coefficient

Using building block elements, the shape coefficients in Table A.7.3-4 should be used.
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Table A.7.3-4 — Shape coefficients

Type of member or structure Shape coefficient, C;

Hull side (fla

t side) 1,0 based on total projected area

legs)

Hull and associated structures (excluding derrick and | 1,1 based on the total projected area (i.e. the area enclosed by the

extreme contours of the structure)

Deckhouses,
draw-works

jack-frame structure, sub-structure,

house, and other above-deck blocks 1,1 based on the projected area

C, = Cp, as determined from A.7.3.2.3, normally using smooth drag

Leg sections
and below th

rocks L igcle £ £ +.

prefecting-abovefack—tramestraeture COCTICIENTS (IgNOTINg MATTe Erowth]
e hull
Ay determined from D, and section length

Isolated tuby

lars (crane pedestals, etc.) 0,5

Isolated struf
I-sections)

ctural shapes (angles, channels, box, 1,5 based on member projected area

Derricks, cra
sections only

The appropriate shape coefficient for the members concerned app|
to 50 % of the total projected profile areaof the item (25 % from d
of the front and back faces)

ne booms, flare towers (open lattice
, not boxed-in sections)

lied
ach

Shapes or co

mbinations of shapes that do not readily fall into the above categories should bé.subject to special considerat

on.

A.7.3.43

Wind pressiires and resulting actions for the hull and associated structures may be determined from wind tu

tests on a 1
mainly com

A.7.4 Funitional actions

Provided af
elevated std
storm mode

The followig should be defined:

a) actions
elevate

manual;

b) extrem

configurations irfa) above;

Wind tunnel data

epresentative model. Care should be exercised whefininterpreting wind tunnel data for struct
brised of tubular components, such as truss legs.

propriate procedures exist and it ispfactical to change the mode of the jack-up from operatin
rm mode on receipt of an unfavoufable weather forecast, it is necessary to assess only the elev
Consideration should be given to’actions on the conductors if supported by the jack-up.

due to the maximum.and’'minimum elevated weight. In the absence of other information the minin
 weight can normally-be determined assuming 50 % of the variable load permitted by the oper3

e limits of the centre of gravity position (or reactions of the elevated weight on the legs) for

c) substry

configulrations in a) above;

cture\and derrick position, hook load, rotary load, setback and conductor tensions for

hnel
ires

g to
hted

hum
ting

the

the

d) weight,

centre of gravity and buoyancy of the legs.

If a minimum elevated weight or a limitation of the centre of gravity position is required to meet the overturning
acceptance criteria (see 5.4.4 and 13.8), then the addition of water in lieu of variable load is permitted in the

assessment,

provided that

— the functional actions do not exceed the operations manual limits;

— procedures, equipment and instructions exist for performing the operation of adding water offshore;
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— the action due to the maximum variable load, including added water, is used for all appropriate assessment
checks (preload, stress, etc.).

If a reduction in elevated weight or a limitation of the centre of gravity position is required to meet the foundation
acceptance criteria with respect to foundation sliding, see 5.4.4 and 13.9.1, then the variable load used in the
assessment can be revised accordingly provided that procedures, equipment and instructions exist for the timely
performance of the operation offshore.

A.7.5 Displacement dependent actions

No g tidanceisoffered:
A.716 Dynamic effects

No guidance is offered.

A.7\7 Earthquakes

No guidance is offered.

A.718 Other actions
Other actions should be represented as relevant for the site.

For |areas where icing is possible during the planned operation, the effect on weight and on the enyironmental
actipns should be considered. Relevant data for the region~should be applied. For calculating wave, [current and
winfl actions, increases in dimension and changes in shdpe and surface roughness can be significant.

A.8 Structural modelling

A.8]1 Applicability

Techniques for modelling the legsyhull, leg-to-hull connection, and leg/spudcan connection are discussed. The leg-
to-hjull connection model idclirdes the upper and lower guides, jacking pinions, fixation systems, and
jacklcase/associated bracingy Modelling of the foundation is limited to the structural details in |this clause;
geofechnical aspects are presented in A.9.

Because of the interaction of the mass and stiffness models, e.g. the effect of mass modelling on hull sag, it is
recdmmended that.the assessor be familiar with the whole of this clause before commencing the moddlling.

A.8|2 Overall considerations

A.8.2.1 General

No guidance is offered.

A.8.2.2 Modelling philosophy

The structural model should accurately reflect the complex mechanism of the jack-up; for most jack-up
configurations this requires the use of an FE computer model. A.8.3 to A.8.5 describe the structural aspects of the
model. A.8.6 describes the interaction of the structural model with the foundation. A.8.7 describes modelling the
mass and A.8.8 describes the application of the actions.
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A.8.2.3 Levels of FE modelling

While it can be desirable to fully model the jack-up when assessing its structural strength, this is rarely necessary
for a site-specific assessment. An overly complex model can introduce errors and unnecessarily complicate the
assessment. Consequently assumptions and simplifications, such as equivalent hull, equivalent leg, etc., are often
made when building the model(s) used for the assessment. In view of this, one of the various levels of modelling
described in a) through d) below can be used. It should be recognized that some of these methods have limitations
with respect to the accuracy of assessing the structural adequacy of a jack-up. Table A.8.2-1 outlines the
limitations of the various modelling techniques and should be referenced to ensure that the selected model
addresses all aspects required for the assessment. When simplified models, such as those described in b) and d)

are used, it i

s usually appropriate to calibrate them against a more detailed model.

a) Fully dg

The mg
A.8.3.2,
jack-up
adequal

b) Equiva

The mdg
to-hull
results
can als
ofthel

c) Combiry

The md
lower ¢
with A
stabilit
the jack

d) Detaile
The m

(A.8.5)
strengt

tailed leg model:

del consists of “detailed legs”, hull, leg-to-hull connections and spudcans modelled in accerdance
A.8.4, A.8.5 and A.8.6, respectively. The results from this model can be used to examing)jall aspects
site-specific assessment, including foundation stability, overturning resistance, lég-strength and
cy of the jacking system or fixation system.

ent leg (stick model):

del consists of “stick model” legs (A.8.3.3), hull structure modelled using beam elements (A.8.4.3),
connections (A.8.5) and spudcans modelled as a stiff or rigid extension to the equivalent leg.
from this model can be used to examine foundation stability @nd’overturning resistance. This m

be used to obtain reactions at the spudcan and internal forces and moments in the leg in the vic
wer guide for application to the “detailed leg” and leg-to-hull connection model d).

ed equivalent/detailed leg and hull model:

del consists of a combination of “detailed leg” for the upper portion of legs and “stick model” fot
ortion of the legs (A.8.3.4). The hull, leg-to-lrull connections and spudcans are modelled in accord

, overturning resistance, leg strength'in-the region of the leg-to-hull connections and the adequa
ing and/or fixation systems. See Figure A.8.2-1.

] single leg and leg-to-hull connection model:
del consists of a “detailed leg” or a portion of a “detailed leg” (A.8.3.2), the leg-to-hull conneq

and, when required,&he“spudcan (A.8.6). The results from this model can be used to examine the
h and the adequacg.ef the jacking and/or fixation systems.

vith
of a
the

leg-
The
pdel
nity

the
hnce

8.4, A.8.5 and A.8.6, respectively. The tesults from this model can be used to examine foundqtion

y of

tion
leg
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RIRA

Figure A.8.2-1 — Combined equivalent/detailed leg and hull model
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Table A.8.2-1 — Applicability of the suggested models

Applicability
I II III 1\Y% \' VI VII
Base shear . . L.
Model type and Overturning | Foundation Global Leg Jacking/fixation Hull
overturnin checks checks leg member system element
g forces forces reactions forces
moment
a) Fully detailed leg Yes Yes Yes Yes Yes Yes See note
b) Equiva TIC lcg
(stick npodel) Yes Yes Yes Yes
c) Combinjed
equivalent/detail Yes Yes Yes Yes Yes Yes See ndte
ed leg and hull
d) Detailefl single leg
and leg}to-hull — — — — Yes Yes —
connection model

NOTEHull strgsses are only available from more complex hull models.

A.8.3 Moq

A83.1 G
For truss leg
can be mod
consideratid

A832 D

Modelling s
unconserva
their effect.
taken into a

A8.3.3 E

The leg stry
calculated u
unit load ca
'detailed leg
detailed leg

lelling the leg

pneral

s the model(s) can be generated in accordance with,A:8.3.2 to A.8.3.4 as applicable. Single column
lelled with beam elements (A.8.3.3) or by means of other appropriate finite elements with
n for local and global buckling.

etailed leg

hould account for offsets between member work points and centroids, as omitting this detail ca
ive. If member offsets are not.ncluded in the model, analysis of the relevant joints should cons
Gusset plates are typically omitted in the structural leg model. However, their beneficial effects cal
Ccount in the calculation ofmember and joint strength.

quivalent leg (stick'model)

cture can be simulated by a series of collinear beams with the equivalent cross-sectional prope
sing the fexmulae indicated in Tables A.8.3-1 and A.8.3-2 or derived from the application of suit
ses to theVdetailed leg'. The stiffness properties of the equivalent leg should equate to those of
' model~described in A.8.3.2. Where such a model is used, relevant analysis results can be applied
model to determine member stresses, fixation system/pinion forces, etc.

legs
due

h be
ider

h be

'ties
able

the
toa

The determination of stiffness for the equivalent leg model can be accomplished as outlined below.

a)

From hand calculations using the formulae presented in Tables A.8.3-1 and A.8.3-2. If the leg scantlings

change in different leg sections, this can be accounted for by calculating the properties for each leg section
and creating the equivalent leg model accordingly. Provided that there are no significant offsets between the
brace work points, these are reasonably accurate for cases A (sideways K bracing), C (X bracing) and D
(Z bracing). Case B (normal K bracing) should be used with caution as the values of equivalent shear area and

second

b)

moment of area are dependent on the number of bays being considered.

From the application of unit load cases to a detailed leg model prepared in accordance with 8.3.2 and 8.3.5:

The leg should be rigidly restrained, generally at the first point of lateral force transfer between the hull and
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the leg, although it can be more convenient to use a different reference point, e.g. level of the fixation system
or neutral axis of the hull. The variables 4, 6, &)y and &p used in Formulae (A.8.3-1) to (A.8.3-4) are obtained

from the detailed leg model. The following load cases should be considered, applied about the major and
minor axes of the leg:

— Axial unit load case: This is used to determine the axial area, A4, of the equivalent beam according to
standard beam theory as given in Formula (A.8.3-1):

_ L

A= = (A.8.3-1)
AE EA

where
A s the axial deflection (shortening) of the cantilever at the point of force application
F  isthe applied axial action;
L s the cantilevered length from the hull to the seabed reaction point;'see A.8.6.2;
E  is Young's modulus.

— Pure moment applied either as a moment or as a couple at thé«end of the cantilever: This is used to
derive the second moment of area (/) according to standard beam-theory as given in Formulae (A.8.3-2):

2 2
_ ML =1= ML and 6y, =&:> I = ML (A.8.3-2)

S = —
2EI 2ES El EOy

where
6  isthe lateral deflection of the cantilever at the point of moment application;
M is the applied moment;

0y is the slope of the cantilever at the point of moment application.

It should be recognized that the value of I resulting from the two formulae can differ somewhat.

— Pure shear, P, applied @t)the end of the cantilever, which can be used to derive I according|to standard
beam theory as given.in Formula (A.8.3-3):

PL2 PL2
=1 =
2F1 2E6p

Op = (A.8.3-3)

where

P s the applied shear;

0, isthe slope of the cantilever at the point of shear application.

Using either this value of /, or a value obtained from the pure moment case, the effective shear area, 4,
can then be determined using Formula (A.8.3-4):

3
PL> PL 7,8PLI
sPL PL o, __T8PLL (A.8.3-4)

3El  AG > 3EI5—PI

where G is the shear modulus of steel, G = E/2,6 for Poisson's ratio of 0,3.
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Table A.8.3-1 — Formulae for determining the effective shear area for two dimensional structures

NOTE 4

is used in conjunction with rotational foundation stiffness.

Based on DNV Classification Note 31.5, (1992), corrected.

Structure Effective shear area
A S A 2
1 ~— A A = (1+v)sh
} AD AV | A si d3 53
<A < 24, " 64
‘ ‘ D c
: v
\ 4 \
B S A 1 -
- + v)sh
| . A5 = L N
oy T A
| e < A 84, NA |3 ¢
. l D \% i=1
LN
S A
\
C S A 2
| l<—>l S 4 = (1 HV)sh
i i A d3 g S3
<
45 < 34, 124,
N
D S A 2
1 ~— . ° 7 A. = (1+v)sh
| S1
} Ay~ \ A d3 K3 $3
‘ \ ~ 2A * 24 * 6A
| / > D c
NEC Lr
\ o
E S 1 48(1 +v)I
1 ! ! s © | . Asi - ( ) ¢
A 2
‘ A ‘ 20y, 2d I
‘ = \ ‘ = sh I
| 0]
A . 5
| I
Key
s bay height Ay area of horizontal brace
h  centre fo centre:ofichords on face v Poisson's ratio (0,3 for steel)
d length ¢f diagonal brace on face I; largestinertia of chord
A. areaof fhord Iz largestinertia of brace
Ap area of diagonal brace N number of active bay
NOTE 1 The stiffness properties are the same for all directions unless the chords have different areas.
NOTE 2 The formulae can be inaccurate if significant offsets exist between brace work points.
NOTE 3 The equivalent beam end rotations can be inaccurate for bracing type C. This can be important if this modelling
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Table A.8.3-2 — Formulae for determining the equivalent section properties
of three-dimensional lattice legs

Leg type Equivalent properties
‘ Z
TR
A=34
</ /N 5
/ N4 Asy - Asz - EASi
A /& N\ Y L
/ / \ | y = )| S EACih
R 1 5
\§_ _? Ip = 5 Ach
| h |
I L
z
(P* AQ A
-~ Asi A= 4ACi
B = $ -Y Asy = Asz = ZAsi
2
/J); 4(5 I, =1,=Agh
2
h
| Z
N i Aci
/LN
/ g A= g
c e FS havy Aoy = A = 244
P I, =1 =A.h?
Q Y y Z Ci
2
v N / I = Agh
Key
Asi | effectiveshear area for two-dimensional structure (from Table A.8.3-1)
Aci | individual chord area
As | éffective shear area about representative axis (y or z)

I second moment of area about representative axis (y or )
It torsional moment of inertia

NOTE 1 Aci can be taken as the cord area including a contribution from the rack teeth (see 8.3.5).

NOTE 2 Based on DNV Classification Note 31.5, (1992), corrected.
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A.8.3.4 Combination of detailed and equivalent leg

The combined detailed and equivalent leg model should be constructed with the areas of interest modelled in
detail and the remainder of the leg modelled as an equivalent leg. To facilitate obtaining detailed stresses in the
vicinity of the leg-to-hull connection (guides, fixation/jacking system, etc.), the detailed portion of the leg model
should extend far enough above and below this region to ensure that boundary conditions at the 'detailed
leg'/'equivalent leg' connection do not affect stresses in the areas of interest. Care should be taken to ensure an
appropriate interface and consistency of boundary conditions at the connections.

The plane of connection between the "detailed leg" and the "equivalent leg" should remain a plane and without
shear distortion when the leg is bent. The connection should be composed of rigid elements that control local
bending and shear distortion.

A.8.3.5 Stiffness adjustment

No guidancg is offered.

A.8.3.6 Leginclination

No guidancg is offered.
A.8.4 Modelling the hull

A.8.4.1 Gpneral

Recommended methods of modelling the hull structure are givenjd A.8.4.2 and A.8.4.3. Hull mass modellifg is
discussed inf A.8.7 and the modelling of hull sagging is discussed,in-A.8.8.3.

A.8.4.2 Detailed hull model

The model §hould be generated using plate elements-in which appropriate directional modelling of the effeft of
the stiffeners on the plates should be included. The'eélements should be capable of carrying in-plane shear and jout-
of-plane moment.

A.8.4.3 Equivalent hull model

In an equivdlent hull model, the deck) bottom, side shell and major bulkheads are modelled as a grillage of beams.
The axial and out-of-plane properties of the beams should be calculated based on the depth of the bulkheads, [side
shell and the "effective width-of the deck and bottom plating. Beam elements should be positioned with their
neutral axeq at mid-depth{éf'the hull. Due to the continuity of the deck and bottom structures and the dimensjions
of a typical lull box, the in=plane bending stiffness can be treated as large relative to the out-of-plane stiffness.|The
torsional stiffness should be approximated from the closed box section of the hull and distributed between the
grillage merhbers:

A.8.5 Modelhngtheleg-to-hull-conneetion
A.8.5.1 General

The leg-to-hull connection modelling is of extreme importance to the analysis since it controls the distribution of
leg bending moments and shears carried between the upper and lower guide structures and the jacking or fixation
system. It is, therefore, necessary that these systems be properly modelled in terms of stiffness, orientation and
clearance. A simplified derivation of the equivalent leg-to-hull connection stiffness can be used for the equivalent
leg (stick model).
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A specific jack-up design concept can be described by a combination of the following components (see also
Figure C.1-1):

a) with or without fixation system;
b) with opposed jacking pinions [see Figure A.8.5-1 a)];
c) with unopposed jacking pinions [see Figure A.8.5-1 b)];

d) with pin and yoke jacking system [see Figure A.8.5-1 c)];

e) |with fixed or floating jacking system.

. ——
a) Single sided rack and pinion b) Opposed rack and pinion
J—

EIED—ED—ED—O

c) Pin and yoke

Figure A.8.5-1 — Types of elevating system

Represemntattve teg-to-Tuit CONMEeCtions are SITowWIT 1T FIZUTes A.8:5-2a) 10 FIgUTE A.8-5-2 ). 1 1e basit function of
the leg-to-hull connection is to transfer forces between the leg and hull as follows.

— Horizontal shear is transferred by a set of horizontal forces in the lower guides and/or fixation system.
— Vertical force is transferred via a set of vertical forces in the support system.

— Bending moment is transferred by a combination of horizontal forces in the upper and lower guides and/or
by a set of vertical forces in the support system.
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System includes:

— jackcase;
— fixed jacking svstem with opposed, or
\ £—=§ L TS i
unopposed jacking pinions.
M Fy,
Fy

a) Fixed jacking system without fixation system

K

\J<

A 3 3 A

DA = System includes:

‘:@: @) — jackcase;
g —  shockpads;

( 2_’< 4> — floating jacking system with opposed or

S unopposed jacking pinions.

M&’-j»Fh

[y

™

VAN
XA

Y4
Al

v
b

b) Floating jacking system without fixation system

Figure A.8.5-2 — Representative leg-to-hull connections (1 of 2)
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System includes:

— jackcase;

— jacking system with opposed or unopposed
jacking pinions;

— fixation system.

c) Jacking system with fixation system

11 System includes:

I
=

— jackhouse;

— upper and lower yokes;

— upper and lower shockpads;

2 . — jacking cylinders;

— jacking pins.

d) Pin and yoke jacking system
Key
upper guide réaction
lower guide’reaction
piniongreactions

fixation system reactions

jacking pin reactions

B N N

axial force in leg at lower guide
F,,  shear force in leg at lower guide

M  bending moment in leg at lower guide

Figure A.8.5-2 — Representative leg-to-hull connections (2 of 2)

For jack-ups with a fixation system, the leg bending moment is shared by the upper and lower guides, the jacking
system and the fixation systems. Normally, the leg bending moment and the axial force at the leg-to-hull
connection due to the environmental actions are transferred largely by the fixation system because of its high

© ISO 2016 - All rights reserved 115


https://standardsiso.com/api/?name=8527c9f5bb05f1c49fb3d22fe0c1b5c3

ISO 19905-1:2016(E)

stiffness. Depending on the specified method of operation, the stiffnesses, the initial clearances and the magnitude
of the applied forces, a portion of the environmental leg loading can also be transferred by the jacking system and
the guide structures. After the fixation systems are engaged, some jack-ups release the pinions by disengaging the
jacking system. Under this condition, the leg bending moment is shared by the upper and lower guides and the
fixation systems. A complete typical shear force and bending moment diagram is shown in Figure A.8.5-3, with a

more detailed representation shown in Figure A.8.5-4 a). The diagram below the lower guide is independent of the
leg-to-hull connection.

For jack-ups without a fixation system, the leg bending moment is shared by the jacking system and guide
structure. For jack-ups with a fixed jacking system, the distribution of leg moment between the jacking system and
guide structure mainly depends on the stiffness of the jacking pinions. Typical shear force and bending moment
diagrams fof this configuration are shown in Figures A.8.5-4 b) and A.8.5-4 c).

For a floatihg jacking system, the distribution of leg bending moment between the jacking system)and ghide
structure d¢pends on the combined stiffness of the shock pads and pinions. Typical shear forcesand benfling
moment diagrams for this configuration are shown in Figure A.8.5-4 d).

The leg-to-Hull connection should be modelled considering the effects of guide and support system clearances,
wear, constfuction tolerances and backlash (within the gear train and between the drivepinion and the rack).

4 5 6\
7 \ S M
3 1 \..\
) i
e T
. 88— |

Key
1  lower guide 5 shear force without lower guide contact
2 fixation system lower 6  shear force with lower guide contact
3 jacking pinion 7  shear due to wave/current action
4  upper guide 8  netshear or bending moment
S shear force
M  bending moment

Figure A.8.5-3 — Complete leg shear force and bending moment — Jack-ups with a fixation system
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N

= 7

/

a) Jack-ups with a fixation system

8

S

b) Jack-ups without a fixation 'system and having a fixed jacking system with opposed pinions

4

S

8

a

S

T— o7}

M

/

/

c) Jack-ups without a fixation system and having a fixed jacking system with unopposed pinions

Figure A.8.5-4 — Leg shear force and bending moment within the leg-to-hull connection (1 of 2)
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7\

4

N

10

M

o
- ]

d) Jack-ups without a fixation system and having a floating jacking system

Key
1  lower gyide 6  shear force with lower guide contact
2 fixation pystem lower 7  opposed pinions
3 jacking pinion 8  jack case rigidly fixed to hull
4 upper glide 9  unopposed pinions
5 shear fofce without lower guide contact 10 jack case floating on shock pads
S shear fofce
M  bendingimoment
Figure A.8.5-4 — Leg shear force and bending moment:within the leg-to-hull connection (2 of 2)
If the jacking system has unopposed pinions, local chord.-moments arise due to

the horj

— thever
The techniq|
various part

A852 G
The guide s
guide conta
adjacent str
the sum of 1
be covered
in the predi

zontal pinion force component (due to the pressure angle of the rack/pinion);
ical pinion force component acting at an offset from the chord neutral axis.

jues in A.8.5.2 to A.8.5.7 are recommended for modelling leg-to-hull connections (specific data foy
s of the structure can be.available from the design data package).

nide systems

fructures should be modelled to restrain the chord member horizontally only in directions in w
ct occurs{ The upper and lower guides can be considered to be relatively stiff with respect to
licture,such as jackcase, etc. The nominal lower guide position relative to the leg can be derived ul

the

hich
the
Sing
ions

bo penetration, water depth and hull elevation. It is, however, recommended that at least two posit

when ‘assessing leg strength: one at a node and the other at midspan. This is to allow for uncertaifr
C .

ties

The finite lengths of the guides can be included in the modelling by means of a number of discrete restraint
springs/connections to the hull. Care should be taken to ensure that such restraints carry reactions only in
directions/senses in which they can act. Alternatively, the results from analyses ignoring the guide length can be
corrected, if necessary, by modification of the local bending moment diagram to allow for the proper distribution
of guide reaction; see Figure A.8.5-5. The bending moments in the chord members at the guides determined from
a finite element analysis ignoring the guide length, as in Figure A.8.5-5 a)i) and b)i), can be corrected using beam

analysis for

118

the simplified guide reactions, as shown in Figure A.8.5-5 a)ii) and b)ii).
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Figure A.8.5-5 — Correction of point supported guide model for finite guide length

A.8.5.3 Elevating system

A.8.5.3.1 Jacking (or elevating) pinions

The jacking pinions should be modelled using the manufacturer specified pinion stiffness, and should be modelled
so that the pinions can resist vertical and the corresponding horizontal forces. A linear spring or cantilever beam
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can be used to simulate the jacking pinion. The force required to deflect the free end of the cantilever beam a unit
distance should be equal to the jacking pinion stiffness. The offset of the pinion/rack contact point from the chord

neutral axis

A.8.5.3.2

should be incorporated in the model.

Other elevating systems

Elevating system designs not included above should be modelled using stiffness values obtained from the
manufacturer/designer, by appropriate system testing or by rational analysis with due consideration of member
interface gap spacing and mechanical component stiffness.

A854 F

The fixation
vertical and|
the model r
location of t

A.8.5.5 Shock pad — Floating jacking systems

Floating jac
other at the
The jacking
configuratio
contact witl
the shock p
stiffness chg

A85.6 J3

The stiffned

impact on the distribution of horizontal forces betweén the guides and the jacking system. If the hull is

modelled, it
foundations|

Xation Systeln

system should be modelled to resist both vertical and horizontal forces based on the stiffness o
horizontal supports and on the relative location of their associated foundations. It is impettant
flects the local moment strength of the fixation system arising from its finite size and the number
he supports.

kKing systems generally have two sets of shock pads at each jackcase,cone”located at the top and
bottom of the jackhouse. Alternatively, shock pads can be provided fof each pinion or block of pin
system is free to move up or down until it contacts the upper.0r’lower shock pad. In the elev|
n, the jacking system is in contact with the upper shock pad.and/in the transit configuration it
the lower shock pad. The stiffness of the shock pad should:be'based on the manufacturer's data
ad should be modelled to resist vertical force only. It shiould also be recognized that the shock
racteristics are normally non-linear and can change significantly over time.

ckcase and associated bracing
s of the jackcase and associated bracing should be modelled accurately since it can have a d

is normally sufficient to restrain the\base of the jackcase and associated bracing, as well as
of the fixation system and the lowek guide structures at their connections to the hull.

uivalent leg-to-hull stiffness

ination of stiffnesses fot) the equivalent leg-to-hull connection model can be accomplished byj

stiffnesS of the connection can be determined from the differences between the results from
leg miodel alone (see A.8.3.3) and those from the detailed leg plus leg-to-hull connection modg

the
that
and

the
ons.
hted
s in
and
pad

rect
not
the

the

hull
The

the
bl as

vh

rom

the axial end displacements of the detailed leg model, 4, and the axial end displacements of the combined
leg and leg-to-hull connection model, 4., under the action of the same unit load case, F, as given in

Fo

rmula (A.8.5-1):

K, =F/ (4, —4) (A.8.

5-1)

Pure moment applied either as a moment or as a couple: This case is used to derive the rotational leg-to-

hull connection stiffness, K ;, from either the end slopes, 6 and 8, or the end deflections, and J, of the

tw

120

o models under the action of the same end moment, M, as given in Formula (A.8.2-2):
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Kin=M/1(6.-8,) or K, =ML/ (5. —9) (A.8.5-2)

— Pure shear, which can be used to determine the horizontal leg-to-hull connection stiffness, K}, in a

similar manner, accounting for the rotational stiffness already derived: Normally, the horizontal leg-to-
hull connection stiffness can be assumed infinite.

If the model contains non-linearities, e.g. due to the inclusion of gap elements, care should be taken to ensure that
suitable magnitudes of unit load cases are applied to accurately linearize the connection stiffness for the final
anticipated displacement including wind actions, etc.

A.8]6 Modelling the spudcan and foundation

A.8/6.1 Spudcan structure

Wheén modelling the spudcan, rigid beam elements are considered sufficient to achieve@n-accurate transfer of the
sealjed reaction into the leg chords and bracing. It should be noted that, due to the:sudden change|in stiffness,
thede rigid beams can cause artificially high stresses at the leg to spudcan connectioiis. Hence, the mpdelling and
seleftion of element type should be carefully considered when an accurate calculation of leg membefr stresses is
required in this area.

For fa strength analysis of the spudcan and its connections to the leg, a detailed model with appropriate boundary
condlitions should be developed. This analysis can be performed on an indépendent model of the spudcan.

A.86.2 Seabed reaction point

Unlgss geotechnical analyses demonstrate otherwise, the wvertical position of the reaction point at each spudcan
shotild be located at a distance above the spudcan tip eguivalent to:

a) |half the maximum predicted penetration (when spudcan is partially penetrated); or
b) [|half the height of the spudcan (when the;spudcan is fully penetrated).

The|legs of an independent leg jack-up can be either assumed to be pinned or supported with tranglational and
rotational foundation springs at_the reaction point. The assumed boundary conditions should be clearly stated
togdther with the assumptions-for.any moment fixity provided to the spudcans by the soil.

The|spudcan geometry, sloping seabeds, bottom obstructions, existing spudcan holes, etc., can result in horizontal
eccentricity of the spudcan“support. In such cases, the horizontal position (eccentricity) of the reaction point used in
the pnalysis should &e established through calculations that consider the spudcan geometry and sealjed topology
undpr the action<of-preload and should, normally, only be taken into account where this is detrimlental to the
assgssment results: In such cases, the strength of the spudcan should also be considered.

Nonl-symnyetrical geometries should be specially considered.

Further-discussion-on-seabed-reaction-iscontainedin-Clause 9

A.8.6.3 Foundation modelling

Methods of establishing the degree of rotational restraint, or fixity, at the spudcans are discussed further in
Clause 9 and A.9. Upper or lower bound values should be considered as appropriate for the areas of the structure
under consideration.

When it is necessary to check the spudcans, the leg-to-can connection and the lower parts of the leg, appropriate

calculations should be carried out to determine the upper bound spudcan moment considering soil-structure
interaction. These areas can be checked conservatively by assuming that a percentage of the maximum storm leg
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moment at the lower guide (derived assuming a pinned spudcan) is applied to the spudcan together with the
associated horizontal and vertical seabed reaction forces. This percentage is normally not less than 50 %. For such
simplified checks, the spudcan-soil interaction can be modelled assuming that the soil is linear-elastic and
incapable of taking tensile stress.

For earthquake screening analyses, the simplest adequate spudcan-soil models should normally be used. These
models should incorporate the maximum interpreted small strain stiffnesses and maximum capacities (see
Clause 9). Soil stiffness degradation should not normally be included in an earthquake screening analysis. More
detailed spudcan-soil interaction representations may be used.

A.8.7 Massmeodelling

Care
hs it
tion

The vertical
should be t3
affects the yj
should be cq

distribution of mass is important for all dynamic analyses as it affects the lateral inertial actions.
ken when modelling the hull mass to ensure that the horizontal distribution of mass is-correct
aw response. This is important particularly in fatigue and earthquake analysis. The cantilever pos
nsidered when distributing the mass.

For earthquj the
spudcan adg

hke assessments, the spudcan internal entrapped mass should be included in the'mass model and
led mass (surrounding water and/or soil) should be included where significant.

Normally, th
application
entrapped v
extreme car
and A.8.8.3.

e correct functional actions cannot be simply obtained from a mass model of the hull and legs wit} the
pf gravity since it is not possible to consistently account for buoyancy, marine growth, added njass,
vater, etc. If the mass model is used to develop the functionalKactions and dynamic response,"‘[hen
e should be taken to ensure that the proper corrections are made to the functional actions. See A.$.8.2

A.8.8 Application of actions

A.8.8.1 Apsessment actions

d in
nce,
red

The assessment follows a partial factor format. The partial action factors are applied to the actions define
other clausds (i.e. they are action factors, not action-effect factors). The jack-up response is non-linear and, he
the applicaﬂion of the combined factored actions does not in general develop the same result as the fact
combination of individual action effects.

The actions and action effects are discussed in turn below.

A.8.8.2 Functional actions dueto fixed load and variable load

The actions
represent t
multiplied

on the hull dueto/fixed load and variable load should be applied to the model in such a manner 3
heir correct-yvertical and horizontal distribution. The hull functional actions are the hull ma

s to
SSes

by the veértical gravitational acceleration. The hull mass distribution can be represented

y a

combination of sélf<generated mass and applied point masses at the node points of the model. When
redistributi¢pn of the hull weight is used to correct for hull sag moment (A.8.8.3), the correct horizontal wdight
distribution|cambe compromised; when this is undesirable, one of the alternative approaches in A.8.8.3 should be
used.

The mass and weight modelling of the legs is more complex than for the hull (see A.8.7). Separate mass and
functional action models should consistently account for buoyancy, marine growth, added mass, entrapped water,
etc.

In benign areas, the ULS environment is sometimes within the defined SLS limits for the jack-up and the
assessment metocean conditions do not exceed the limits for changing to the elevated storm mode (see 5.3). In
such cases, the assessment should be for the ULS environment and the proposed operating mode configurations,
e.g. with increased variable load, cantilever extended and unequal leg loads. Individual leg reactions under the
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functional actions can approach the preload reaction. A small additional leg reaction due to environmental actions
can then result in additional spudcan penetration.

When the operations manual permits the variable load to be increased as metocean conditions reduce, the jack-up
should be assessed to the ULS for operational environments and/or lower return periods (see 5.3). This is of

part

A.8.8.3

icular importance in areas where significant additional penetrations are possible.

Hull sagging

When a ]ack up is 1nstalled on site, the legs normally engage the seabed with the hull supported by its own

boa
con(
con

ope
shall
high

An F

fund
hull

value

a)
b)
0)

The

Met]
the

If th
tob

d thus preloadmg the legs to achleve their final penetratlon This normally leads to an extrerhe
lition. Finally, the preload ballast is dumped and the hull elevated to the required elevation for thg
iguration, the hull is sagging under self-weight and variable load. The leg shear and bending mom
by lull sagging are very dependent on leg guide clearances, the design and operation of the jac

Fational parameters, etc. Such moments should be considered in the assessment analyses, and 3
low waters where the leg extension below the hull is small and consequently.'the leg bending
er.

E model with distributed hull stiffness and distributed functional actions’incorporates hull sag
tional actions are applied to the jack-up in its initially undeflected shape’at the operating hull el
sag moment is generally overpredicted by this modelling technique and may be reduced by up to
that would be obtained from an analysis using a hull model with

the maximum extreme storm weight distributed according to:A.8.8.2;

guide clearances set to zero; and

the elevating system loads equalized within eaclrleg.

reduction of the hull sag moment should be‘achieved by one or more of the following:
applying correcting moments to the-hull'in the vicinity of each leg;

redistributing the hull weight, whilst maintaining the correct centre of gravity;
including realistic guide clearances; and/or

adjusting position.of the spudcan reaction point (prescribed displacement).

hods that affect.the stiffness of the model such as increasing the hull stiffness or increasing the cg
base of the legs'should be avoided.

e jack=up is to be operated in an area where the assessment storm falls within its operating limits
btween operating and survival limits, see 5.3), and for all earthquake assessments, the hull sag mo

L is taken on
hull sagging
p site. In this
ents caused
King system
re larger in
stiffness is

pffects if the
bvation. The
75 % of the

mpliance at

(as opposed
ment should

be

ased on the operating condition. This is found as above with the addition of the full effects due to

he increase

in hull weight and the revised distribution, e.g. 25 % of the initial hull sag plus 100 % of the sag due to the change
to the operating condition.

A.8.

A.8.

8.4 Metocean actions

8.4.1 Wind actions

Wind actions are determined from 7.3.4. The wind actions on the legs above and below the hull should be
modelled to represent their correct vertical and horizontal distribution. Actions can be applied as distributed or as
nodal actions. Where nodal actions are used, a sufficient number should be applied to reflect the distributed
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nature of the actions, and it should be ensured that the correct total shear and overturning moment are achieved
on each leg.

Similarly, the wind actions on the hull and associated structure can be applied as distributed or as nodal actions.
The application should also ensure that the correct total shear and overturning moment on the hull are achieved.

A.8.8.4.2 Wave/current actions

Wave/current actions are determined from 7.3.3. The wave/current actions on the leg and the spudcan structures
above the sea floor should be modelled to represent their correct vertical and horizontal distribution. Where

nodal actions-are-used-theirapplication-should-ensure-that-thecorrecttotal-shearand-overturping-moment are

achieved on|each leg, and reflect the distributed nature of the actions.

A.8.8.5 Inertial actions

A determinjstic dynamic storm analysis requires the explicit determination of an inertial loadset, F;, [(see

Clause 10). This loadset should be applied to the model in combination with the other actions.

For the SDOF approach, F;, is applied to the hull as lateral force(s) acting through the hull-centre of gravity.

When the irjertial loadset is derived from a random dynamic analysis, the appliedloadset should match botH the

inertial bas¢ shear and the inertial overturning moment. This can be accomplished by a combination of:

a) lateral force(s) acting on the hull;

b) lateral force(s) acting equally on all the legs above the upper-guide in the direction of the metocean actions;
and

c) correctjng moment(s) applied as a horizontal or verticalcouple(s) to the hull.

The ratio offthe total lateral forces acting on the legsiabove the hull to the lateral forces acting on the hull shpuld

not exceed the ratio of the mass of the legs above.the’upper guide to the total mass of the hull. The moment dye to

the lateral fprces applied to the legs above the upper guide should not exceed the correcting moment requirgd to

match the qverturning moment, i.e. when applying the forces in b) above, the correcting moment in c) shpuld

increase the overturning moment.

Forces or njoments due to inertial-actions should normally be applied only to structure above the lower gyide.

Internal leg|forces and foundation-forces are both important aspects of a site-specific assessment and applicqtion

of inertial agtions to the legs below the lower guide directly affects these in an unrealistic manner.

NOTE The application of the inertial loadset using concentrated forces can result in spurious local stresses.

A.8.8.6 Large displacement effects

There are tyo-displacement effects that it is necessary to capture:

lateral displacement of the hull causes the functional actions to increase global OTM (global P-A effects); and

Euler amplification of local member forces increases member stresses (local p-6 effects).

The assessor should be cognisant of how specific software includes these effects. Global displacement effects are
normally accounted for as described below. Euler amplification is frequently accounted for in member code
checks through use of the member moment amplification factor B (see A.12.4). Some methods account for only
global effects, while other methods account for both global and local effects.

a)

Large displacement methods:
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In large displacement methods, the solution is obtained by applying the load case in incr

1:2016(E)

ements and

generating the stiffness matrix for the next load case increment from the deflected shape of the previous
increment, iterating on each step if necessary. This method accounts for both global displacement and Euler

amplification effects such that B = 1,0 in the moment amplification formulae (see A.12.4).
Geometric stiffness methods:

Geometric stiffness methods incorporate a linear correction to the stiffness matrix based on the

axial forces

present in the elements. It is important that the assessor understand specifically which large displacement

effects the software approximates (global and perhaps local) so that the correct value of B can b
use in the moment amplification formulae (see A.12.4)

e chosen for

The

whae

This

Negative spring method:

A simplified geometric stiffness approach allows linear-elastic incorporation of P-A effeets in an
without recourse to iteration. In this approach, a correction term is introduced into-the global stif]
prior to analysis. When the analysis is complete the hull deflections, leg axial forcesjand leg bendi
include the global P-A effects. The derivation of the method is described in ISO/TR 19905-2:2012,
correction term is

—Py /L

re

Py

above the hull;
L isthe distance from the spudcan reaction p@int to the hull vertical centre of gravity.

negative stiffness correction term applied at the hull produces an additional lateral force

proportional to the structural deflection. Theresulting (additional) base overturning moment is equa

the

The
tran
atta
tors|

If th
ovel
can
line
reag
avo

hull displacement.

negative stiffness is incorperated into the global stiffness matrix by attaching orthogona
slational spring elements te‘a-node(s) representing the hull centre of gravity. If sets of orthogona
Ched to the hull in the yicinity of each leg, using the total spring stiffness divided by the number
jonal stiffness is also eorrected.

prediction ofithe’horizontal leg reactions. Typically, this is not critical and the horizontal reaction
be reduced.by an amount equal to the force in the spring divided by the number of legs. Howeve
ir foundation elements are used, the earthed-spring approach overpredicts the horizontal
tions ‘and results in erroneous foundation responses. The overprediction of the horizontal leg read
ded if sets of negative horizontal springs are defined for each leg and connected between the

FE program
fness matrix
hg moments
A.8.

is the sum of the leg forces due to functional actions*on legs at the hull including the weight of the legs

at the hull
| to Pg times

horizontal
springs are
of legs, the

e negative spritig(s) are earthed, the additional lateral force (due to the negative stiffness tern}) causes an

5 at each leg
, when non-

foundation
tions can be
hull and the

spudr‘an

The application of negative springs to the model accounts for global displacement effects but does not include
local Euler effects for individual members; therefore, code checks should include appropriate terms to account for
amplification of local moments (see A.12.4).

A.8.

8.7 Conductor actions

The conductor actions can be applied as static forces. The reaction due to the tension and hydrodynamic action on
the conductor should be included in the jack-up's global analysis model and applied through the support point on
the hull.
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The effects of stiffness and damping in the conductor are not generally modelled in a jack-up structural
assessment because they normally have negligible influence on the global jack-up response.

Structural integrity assessment of an individual conductor is outside the scope of this part of ISO 19905.

A.8.8.8 Earthquake actions

No guidance is offered.

A.9Foundatioms

A9.1 Ap

No guidancg

A.9.2 Genleral

No guidance

A.9.3 Geotechnical analysis of independent leg foundations

A93.1 F

A9.3.1.1
In 9.3.1 and

respon

founda

The respon

Dynamic effects can either be applied by means of a set of added inertial actions or be directly included in

analysis. Th|
selected for

The founda
Roughly cir
horizontal)
Figure A.9.3
manufactur
diameter. T

licability

is offered.

is offered.

pundation modelling and assessment

General

A.9.3.1 are addressed the approaches to foundation'modelling for

be analysis;

ion assessment checks.

e analysis should incorporate dynamic effects using a compatible or conservative foundation m

ere is a specific set of foundation assessment checks for each of the foundation models that ca
the response analysis, ds'shown in Table A.9.3-1.

ions of independent-leg jack-ups approximate large inverted cones, commonly known as spudd
Cular in plan, spudcans typically have a shallow conical underside (in the order of 15° to 30° tg
and can have a sharp protruding point. Other spudcan geometries are not uncommon
t1). Large_jack-up spudcans can be in excess of 20 m in diameter, with shapes varying
br and_jack-up. Non-circular spudcans can be approximated by means of a disc with equiva
he foundation capacity formulae given in A.9.3.2 are applicable to circular spudcans. Skin frictio

del.
the
h be

ans.

the
(see
ith
lent
N on

the legs or g

pudcan is often ignored. Due consideration should be given to the tapered geometry of most spud

Cans

when assessing the foundation capacity.

NOTE
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Symbols that are not defined in the text can be found in A.4.9.
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Figure A.9.3-1 — Typical spudcan geometries
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A9.3.1.2

Approaches to foundation assessment

The jack-up and its foundation can be assessed using any of the fixity treatments in Table A.9.3-1. The overall
assessment procedure of the jack-up is given in Figure A.10.4-2.

There are certain cases that are not covered in the checks described above, which should be considered
separately; some of the more common examples are listed below.

— Cases where the long-term (drained) soil bearing capacity is less than the short-term (undrained) capacity,

e.g. for overconsolidated clays or cohesive silts with significant sand seams.

— Cases W
silty so

— Cases V
cyclicl

— Cases V

ading.

Fhere a reduction of soil strength occurs due to cyclic loading. This can be of particular significane¢ for
Is and/or carbonate materials.

here an increase in spudcan penetration occurs and a potential for punch-through exists, e.g. dye to

vhere horizontal seams of weak soil are located beneath the spudcan that can result in inadegpate

horizonftal (sliding) capacity and sliding instability.
If any of the|above circumstances exist, further analysis should be carried out.
In the case [of partial embedment of a conical spudcan, e.g. in sandy soils,(after preloading, additional spudican
embedment| can result in a considerable increase in foundation capacity;swhich can be used in the assessrhent
checks.
Table A.9.3-1 — Approaches to founidation assessment
Fixity tfeatment in Foundation assessment Acceptance Subclaufe
resporlse analysis category
Simple preload check, Level 1; Step 1a A93.6.
Windward leg check Level 1; Step 1b A9.3.6.p
(both are subject to limitations) s otep B
Pinned Bearlpg and sliding checks using vertical-horizontal Level 2; Step 2a A9.3.64
capacity envelope
Displacement check using the vertical-horizontal
capacity envelope and load-penetration curve; should Level 3; Step 3a A9.3.6.p
alse'mieet the Level 2; Step 2a sliding checks
Beirm% azng shdzlng checks (uses the same procedure as Level 2; Step 2b A93.6k
Sinfple interaction’< 11N Level 2; Step 2a)
surface (secant Displacement check using the vertical-horizontal
mofiel) capacity envelope and load-penetration curve; should Level 3; Step 3a A9.3.6.p
Fixity also meet the Level 2 sliding checks
Ful| inferaction Foundation checks are implicit in the non-linear model; Level 2; Step 2c A.9.3.6.p
surface (yield should also meet the Level 2 sliding checks unless or
interaction model) |implicitly included Level 3; Step 3b A9.3.6.6
Continuum Foundation checks are implicit in the non-linear model Level 3; Step 3b A9.3.6.6
A.9.3.1.3 Simple pinned foundation

Pinned foundation treatment incorporates a simple preload and sliding check (both subject to limitations).
Otherwise a check on foundation capacity in terms of vertical-horizontal capacity and sliding capacity should be
performed.
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3.14 Linear vertical, linear horizontal and secant rotational stiffness

This foundation fixity treatment incorporates a check on foundation capacity in terms of vertical-horizontal
capacity and sliding capacity. The amount of rotational fixity is not directly involved in a checking formula.
However, the moment, bearing and sliding interaction is implicitly checked through the use of the yield surface
function. Vertical-horizontal and sliding capacities should still be checked explicitly through the procedures

interaction

h the model.

r the strain

described in A.9.3.6.

A.9.3.1.5 Non-linear vertical, horizontal and rotational stiffness

The ‘ruvfir‘-:]' horizontal and - moment interactionis imp“f‘ifl}y checked f‘l’\"f\"g]’! the usoe of the ‘Jn'n]

model as described in A.9.3.4.2.4. No other checks are required providing that sliding is incorporatedi

A9B3.1.6 Non-linear continuum foundation model

Thig model should not be used unless one of the simpler analysis methods above hasybeen used §o provide a
benghmark for the results. The soil model should be capable of capturing the non-lingar behaviour fi

leve
effe

A9,
A9,

A9,

The
step

a)

b)

|s expected in the response. The interface between the spudcan and the soil should be modelled td
'ts such as sliding due to insufficient friction.

3.2 Leg penetration during preloading
3.2.1  Analysis method

3.2.1.1 General

conventional procedure for the assessment of spudcan load/penetration behaviour is given in t
S.

Model the spudcan.

Compute the gross ultimate vertical‘\bearing capacity, Qy, of an open hole for various depths of]

area below sea floor using closed form bearing capacity solutions for the best estimate soil stre
Lower and upper bound soil strength profiles should also be used to assess the implications of
spudcan penetrations.

structural spudcan\reaction, V|, by deducting, when appropriate, the submerged weight of the

and adding the/Seil buoyancy of the spudcan below bearing area, Bg, calculated as Bg= yVy, as
A9.3.2.1.5.

account for

e following

the bearing

hgth profile.
the range of

Use Formulae (A.9.3-1) to convert the gross ultimate vertical bearing capacity at each depth to the available

ackfill, Wgp,
escribed in

(A9.3-1)

Vis=0Qy + Bg (with no backfill)
See A.9.3.2.1.4.

d) Plot the available structural spudcan reaction, V; as a curve against penetration, accounting for the distance

of the spudcan tip beneath the depth of the bearing area by increasing the penetration used in the capacity
calculation by this distance. The curve should extend to a suitable depth beyond the expected penetration.
This depth should normally be 1,5 times the expected penetration or to the penetration associated with 1,5

times the preload reaction.

e) Enter the curve of available structural spudcan reaction versus spudcan penetration with the maximum

preload reaction at the spudcans and read off the predicted spudcan penetration.
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A.9.3.2.1.2 Modelling the spudcan

For conventional foundation analyses, the spudcan can often be modelled as a flat circular foundation. The
equivalent diameter is determined from the area of the actual spudcan cross-section in contact with the sea floor,
or where the spudcan is fully embedded, from the largest cross-sectional area in plan (see Figure A.9.3-2).
Foundation analyses are then performed for this circular foundation at the greatest depth, D, of the maximum
cross-sectional area in contact with the soil.

Since the depth of spudcan penetration is normally reported and presented as the distance from the spudcan tip
to the sea floor, care should be taken to use the appropriate value in the analysis and presentation of results.

Conical shaﬂ)es are discussed in Annex E. Other configurations, e.g. rectangular spudcans or legs with sigumificant
skin friction} can require alternative treatment.

When a penptration analysis uses bearing capacity factors that account for the conical underside of the spudcap, at
each depth [the equivalent cone angle (f, Figure A.9.3-3 and Annex E) for the amount of spud¢an penetrhted

should be eyaluated. With reference to Figure A.9.3-3, the equivalent cone should be taken suchthat:

— the dianeter, B, of the cone at its top gives an area equal to the largest plan cross=sectional area in conjtact
with thp soil;

— the conle angle should be determined so as to enclose the same volume ag that of the spudcan below thq sea
floor; ahd

— once the largest plan area is mobilized, the volume and equivalent cone angle remain constant.
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Fy
a) Actual spudcan — Partially embedded b) Actual spudcan — Fully embedded
F,
\ FV
LR LR
Q
N
¢) Equivalent model — Partially embedded d) Equivalent model — Fully embeflded
Key
A |effective bearing area based on cross-section taken at uppermost part of bearing area in contact with soil
B |effectivespudcan diameter
D |gréatest depth of maximum cross-sectional spudcan bearing area below the sea floor
FV gross vertical force :\r'ring on the soil heneath the cpndr‘:\n due to the assessment load case
Figure A.9.3-2 — Spudcan foundation model
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Bmax Bmax

%
B B
a) Tip penetration only b) Partial penetration of main cone

Bmax

B = Bmax

c) Fully seated at sea floor

Bmax

d) Fully seated beneath sea floor

Key
B .x maximum effective spudcan diameter

B effectivd spudcan‘diameter

D  greatesjdepthiof-maximum cross-sectional spudcan bearing area below the sea floor
P effectivd cone'angle

NOTE 1 Effective cone indicated by dashed lines.
NOTE 2 Based on Martin (1994).

Figure A.9.3-3 — Calculating an equivalent conical spudcan for various embedments

A.9.3.2.1.3 Modelling the soil

The soil beneath the spudcan fails as the foundation is loaded during preloading until equilibrium is achieved at
the end of the preloading operation. Figure A.9.3-4 shows different failure mechanisms for various soil conditions,
which range from conventional bearing capacity failure in uniform soils, potential punch-through for layered soils,

132 © 1SO 2016 - All rights reserved


https://standardsiso.com/api/?name=8527c9f5bb05f1c49fb3d22fe0c1b5c3

IS0 19905-1:2016(E)

squeezing, and combinations of all of these mechanisms. The soil model should be sufficiently accurate to
represent the behaviour of spudcan and soil characteristics during preloading.
The appropriate soil model should be used for layered soils to account for the effects of punch-through or
squeezing, e.g. local failure of a weak layer between two stronger layers. It is mentioned that a man-made punch-
through condition can be created as a result of soil consolidation occurring during pauses in leg penetration whilst
the spudcan is loaded to less than full preload. Such pauses can occur during installation operations or
geotechnical investigation from a jack-up prior to full preloading.

The analysis methods in A.9.3.2.1.4 to A.9.3.2.6.6 address the failure mechanisms shown in Figure A.9.3-4.

v

A\ 4
RN &

B v W -

a) Conventional bearing capacity failure:

uniform soil

c) Squeezing

A Sy
RN =

o T

e) Punch:through (with trapped soil plug)

b) Deep bearingicapacity: uniform|soil

1 \

N Y

< 2"

d) Punch-through

gz T
=

f) Punch-through (with trapped soil plug) and

squeezing

Figure A.9.3-4 — Spudcan bearing failure mechanisms

A.9.3.2.1.4 Backfill

With reference to Figure A.9.3-5, soil backfill on top of the spudcan can result from backflow or infill. Regardless of
the mechanism, this soil:

a)

b)

<)

increases penetration if it occurs during preloading;

reduces capacity available to support downward structural loads at the spudcan if it occurs after preloading;

always increases the uplift resistance.
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Backflow is the soil that flows from beneath the spudcan, around the sides, and onto the top and is more likely to
occur in clays than in sands. Backflow can occur at shallow penetrations, but is more likely to occur at deeper
penetrations. In very soft clays, complete backflow is likely to occur. In firm to stiff clays and granular materials,
where spudcan penetration is expected to be small, the possibility of backflow diminishes. In general, backflow
due to additional penetration during elevated operations is not expected to occur. If it is predicted, the effects
should be taken into account.

Infill is the soil on top of the spudcan that results from cavity wall collapse or sediment transport, e.g. where there
is a sand veneer over clay. Cavity wall collapse can occur during or after preloading; sediment transport is only of
significance after preloading. Cavity wall collapse can occur slowly or suddenly. If it occurs suddenly during
preloading, it can cause a rapid increase in penetration.

Key

1  backfloy

2 infill - wall failure

3 infill - s¢diment transport

4  region spbject to infill processes
5  region spibject to backflow

NOTE Rackfill includes backflow and infill.
Figure'A.9.3-5 — Backflow and infill
The submerged weight of backfill (Wgp ;) during preloading loads the top of the spudcan and results in additipnal

penetration

Backfill thaf occurs after preload has been applied and held (Wp 4) provides additional weight on the spudcan.

This backfil] reduces the Wertical reaction that the foundation can support to resist the overturning monjent.
Conversely, fany subsequent backfill increases the available uplift capacity of the windward leg(s).

The minimym yalue of the backfill weight due to backflow during preloading, Wgg ;,.in, depends on the limjting

depth of cavity; H,,, that remains open above the spudcan during penetration as given in Formulae (A.9.3 2):

WgE omin = y'[AD—-H_,)— (Vspud —Vp)] (with backflow, i.e. Wy i, always positive)

WarE omin = 9 (with no backfill) (A.9.3-2)
where
Vspud is the total volume of the spudcan beneath the backfill;
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Vh is the volume of the spudcan below the maximum bearing area that is penetrated into the soil, refer

to Figure A.9.3-6; V}y is zero for a flat-based spudcan.

Care should be taken when calculating Vspud when the spudcan is not fully covered with backflow material; refer
to Figure A.9.3-6.

A B C

O

W

3

Key

AN W N~ O W >

For

w _____ ¥
2 o
—————— <
partial spudcan penetration
full spudcan penetration with.partial backfill
full spudcan penetration withfull backfill
the total volume of thelsptidcan below the backfill, Vspud
the volume of the spudcan below the maximum bearing area that is penetrated into the soil, V}
depth of cavity'that remains open above spudcan, H_,,
greatest depth,D, of maximum cross-sectional spudcan bearing area below the sea floor
Figure A.9.3-6 — Definition of spudcan volumes
a biuglc-laym Llay with—umiform—shear—str cugﬂl or—shear—str cugth frrcreasing withr dcpth t a rate, p,

Formula (A.9.3-3) from Hossain and Randolph (2009a) can be used to estimate H_,,. This expression and the

supporting data are graphically presented in Figure A.9.3-7. Formula (A.9.3-4) from Hossain and Randolph (2009a)
can be used to estimate H_,, for multi-layer clays with moderate changes of strength, iterating to establish consistent

values for A

/B and s .

0,55
H |B=5%"5-0258

H, /B=lsy /(B ~025s, /('B)
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where
=7

s,y is the undrained shear strength at a depth of H_,,, below sea floor;

Sum

7'B

(A.9.3-5)

Sum Is the undrained shear strength at the sea floor.

The onset df backflow marks the transition between shallow and localized failure mechanisms. In additiop to
affecting thg vertical reaction beneath the spudcan during preloading, the degree of backflow infliuences| the
embedment] condition of the spudcan and, hence, the uplift resistance (see A.9.4.5), horizontal, and morhent
restraint anfl, therefore, the yield surface (see A.9.3.3.3).

In silica sang, it is unusual for a conical spudcan to penetrate beyond its widest point. However;if this is predi¢ted,
the potentidl for soil infilling on top of the spudcan should be considered during preloadingas the soil assumes
its angle of fepose).
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= fe furm(1-p5") Sum
S = (sumly'B) / _ SyHSuo  Su

0,001 0,01 0,1 1 1C ‘
0,01 3 \
d — |
S Al T et e |
5 \
. \
0.1 S S \
4 — \
1 |
. \ /_\ \
Tl o014 02 - ! —— o T
4025 0029
°03 ©043
405 %075 - B < Z
0
a) Experimental data and curve-fit b) Idealized scenario
Key
1 [|spudcan
2 |legtruss
3 |cavity
4  |seafloor
5 |soil backflow
B |effective spudcan diameter (typically 11 m to 20 m)
D | depth of maximum cross-section in contact with the spil
H |distance from spudcan maximum bearing area to sea floor
H_,,|limiting depth of cavity that remains open abové.the spudcan during penetration
S,y |undrained shear strength at base of cavity
Sum |undrained shear strength at sea floor
S,0 |undrained shear strength at depth of' maximum spudcan bearing area
s, |undrained shear strength
Z |depth below sea floor
7" |submerged unit weight of Soil
p |rate of increase in undrdined shear strength with depth
a  Centrifuge test data:
b Large deformation FE analyses: non-uniform strength.
¢ Large deformation FE analyses: uniform strength.
4 Ilypical-design range.
ition

A.9.3.2.1.5 Required bearing capacity

At maximum preload, the initial gross ultimate bearing capacity, Qy,, under the spudcan is equal to the preload
reaction, V}, (see 3.48), plus the submerged weight of any backfill onto the spudcan, less the soil buoyancy of the
spudcan below the bearing area as given in Formula (A.9.3-6):

Qvo = Vo + Wgp, — B (A.9.3-6)

where
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WgEo is the submerged weight of the backfill during preloading, which is not less than Wy i

Bg=y’Vp s the soil buoyancy of spudcan below bearing area, i.e. the submerged weight of soil displaced by

the spudcan below D, the greatest depth of maximum cross-sectional spudcan bearing area below
the sea floor;

Vp is the volume of the spudcan below the lowest level of maximum bearing area that is penetrated
into the soil; V}, is zero for a flat-based spudcan.

The initial gross ultimate vertical bearing capacity, Qy,, is established by preload operations and related to V.

However, infsome cases, subsequent actions can cause further penetration and a corresponding increase in gy, as
is consistent with the load-penetration formulae given in A.9.3.2.2 through A.9.3.2.6.
A.9.3.2.2 Penetration in clays

The gross ultimate vertical bearing capacity of a foundation in clay of uniform shear strength (ohdrained failufe in
clay, ¢=0°)fat a specific depth can be expressed as given in Formula (A.9.3-7):

Qy =|s N.sd, +p',)zB* /4 (A.9B-7)

p', is the effective overburden pressure at depth, D, of maximum bearing)area;
is the bearing capacity depth factor, d.=1+0,2 (D/B) < 1,5.
For circular(footings, the product N_s. should be taken as 6,0.

For the selegtion of the design undrained shear strength s, aneévaluation should be made of the sampling method,
the laboratpry test type and the field experience regarding the prediction and observations of spudcan
penetrationk.

Traditionally, the value of N_ has been determined/from solutions for strip footing on homogeneous clay, with
shape and ¢lepth factors based on Skempton {(1951). However, these factors are significantly affected by| the
gradient of ghear strength with depth [see Young et al. (1984) and Houlsby and Martin (2003)].

Theoretical solutions for circular conigalfoundations on clays of uniform and increasing strength with depth have
been provided by Houlsby and Martin (2003), as presented in E.1. The solutions give a theoretical lower bourd to
the soil resigtance and should, therefore, provide an upper bound prediction of penetration.

The total befaring capacity factors for rough spudcans, modelled as rough circular plates, are given in Table A[9.3-
2. Further bgaring capacity factors are given in Annex E.1 for the following parameter ranges (see Figures A.9|3-2,

A.9.3-3and A.9.3-7):

— cone arjgles Sbetween 60° and a flat plate of 180°;

— embedinent depths, D, between 0 and 2.5 diameters:

— values of shear strength gradient pB/s,, between 0 and 5, where p s the rate of increase in undrained shear
strength with depth, from a value of s, at the sea floor.

NOTE 1 For soil layers that do not extend to the sea floor surface, s, refers to the undrained shear strength at the top of
the layer.

The tables in Annex E provide a theoretical lower bound to the total bearing factor N_-s_-d, to apply to the shear
strength at the spudcan base level, s, for the full range of the above parameters. Alternatively, Houlsby and

Martin (2003) indicates that using the shear strength, s, at a depth of 0,09B below the spudcan base level
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together with the bearing factors given in Table A.9.3-2 for a foundation on uniform strength clay provides
answers that are within = 12 % of the theoretical lower bound solutions.

Alternatively, field experience in the Gulf of Mexico (Young, 1984) indicates that for typical Gulf of Mexico shear
strength gradients and spudcan dimensions, spudcan penetrations in clay are well predicted by selecting s, as the
average over a depth of B/2 below the widest cross-section in combination with the bearing capacity and
simplified depth factor formula from Skempton (1951) provided in Formula (A.9.3-7). A comparison was made
Menzies and Roper (2008) between measured load-penetration records from thirteen Gulf of Mexico clay sites
with linearly increasing shear strength profiles and spudcan penetration predictions from four bearing capacity
formulations, namely Skempton (1951) Hansen (1970] Houlsby and Martin (2003) and Hossain et al. (2006). The

3 T penetration
penetration
prediction, usually predicting shallower penetrations than measured, and the Skempton and_Hankon bearing
capdcity factors provide reasonable predictions of average penetrations.

For [lay layers with distinct strength differences, methods for layered soils should be used; see A.9.3.2}6.

Table A.9.3-2 — Bearing capacity factors for rough circular plate
on homogeneous clay (Houlsby and Martin, 2003)

Embedment ratio, Bearingfactor,

D/B Nesgd,
0 6,0

0,1 6,3

0,25 6,6

0,5 7,0

1,0 7,7

>25 9,0

NOTE 2 The bearing factor is nonlinear with respect to the embedment ratio. It is necessary to use ¢aution when

estirhating an appropriate bearing factor\for embedment ratios other than those given in Table A.9.3-2.

A.93.2.3  Penetration in\soils with partial drainage

It is|recommended that-analyses for drained conditions (modelled as sand) and undrained conditions (modelled
as day) be performed to estimate the range of penetrations. Cyclic loading can significantly affect|the bearing
cap{city of silts.

Pengtration:in Soils with partial drainage can be assessed using the approaches described by Finnie and Randolph
(1994b);and Erbrich (2005).

A9.3.2.4 Penetration in silica sands

Spudcan penetration in silica sand is usually analysed as a drained process, in which no excess pore water
pressure is generated. In drained conditions, the gross ultimate vertical bearing capacity of a circular foundation
in homogeneous frictional material can be expressed as given in Formula (A.9.3-8):

! 3 / 2 _
Qy =7'd,N zB° |8+ p,d,N 7B* | 4 (A.9.3-8)

where
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Ny and Nq

is the depth factor on surcharge for drained soils, dy =1,0;

is the depth factor for drained soils, dq =1+ 2tang’ (1-sin¢’)2 arctan(D/B);

is the effective spudcan diameter in contact with the soil;
is the submerged unit weight of the soil;

are dimensionless bearing capacity factors calculated for the axisymmetric case (no further shape

factor should be anplied)
rr J

If the spuddan penetrates beyond its widest point, the overburden of soil above this point creates ameffegtive

surcharge, g, at the level of the widest point, which leads to additional bearing capacity.

Theoretical [values of Ny and Nq calculated using the slip-line method for a flat, rough circulat footing in M3rtin

(2003) are given in Table A.9.3-3 for soil friction angles from 20° to 40°. These NY and Nq factors can alsp be

applied to (plunt) conical spudcans that are not fully rough, since the error involved isrgenerally small compgred
with that ar}sing from the uncertainty in selecting the soil friction angle; for example, Table A.9.3-3 shows that|a 1°
change in ¢| gives at least a 20 % change in N,.. A more detailed penetration analysis*can be performed using the

Y

values of N}, for conical footings tabulated in Annex E; these cover a range/of cone apex angles and interjface

roughness cpefficients.

Adequate cqnsideration should be given to the selection of an appropriate soil friction angle (see E.2).
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Table A.9.3-3 — Bearing capacity factors for a flat, rough circular footing (Martin, 2003)

Friction angle Bearing factor Bearing factor
4 Ny Nq
degrees

20 2,4 9,6

21 2,9 10,9

22 3,5 12,4

23 4,2 14,1

24 5,1 16,1

25 6,1 18,4

26 7,3 21,1

27 8,8 24,2

28 10,6 27,9

29 12,8 32,2

30 15,5 37,2

31 18,8 4352

32 22,9 50,3

33 27,9 58,7

34 34,1 68,7

35 41,9 80,8

36 5156 95,4

37 63,7 113,0

38 79,1 134,4

39 98,7 160,5

40 123,7 192,7
A9B.2.5 Penetration in carbonate sands
A98.2.5.1 General
Pengtrations in carbopate“sands are highly unpredictable and can be minimal in strongly cemented fnaterials, or
largp, in uncemented materials. Cementation, crushable particles, high in-situ void ratios and comprgssibility are
somle of the chafaeteristics of calcareous sediment that have led to the conclusion that the rougine bearing
capgcity metheds linked to the frictional soil strength are inappropriate [Poulos and Chua (1985), L¢ Tirant and
Naufoy (1994)/and Finnie and Randolph (1994a)]. Extreme care should be exercised when operating in these
matgrials!

A.9.3:2.5:2—Ynrcemrented carbomate nimateriats

Relatively large spudcan penetrations have been reported for uncemented carbonate materials despite high
laboratory friction angles [Dutt and Ingram (1988)]. This can be attributed to either the high compressibility of
these materials or low shear strengths due to high voids ratio and a collapsible structure.

The leg penetration is governed by both the strength and deformation characteristics of the soils. The
compressibility of carbonate sands is relatively higher than that of silica sands. Hence, greater penetrations should
be expected for carbonate sands relative to silica sands despite the similar or even higher laboratory friction
angles. This is supported by both experimental studies [Poulos and Chua (1985), Pan (1999), Pan et al. (1999),
and Byrne and Houlsby (2001)] and theoretical studies [Yeung and Carter, (1989)] on model foundations.
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A.9.3.2.5.3 Cemented carbonate materials

Natural cementation in calcareous sediments is formed by carbonate precipitation. Model spudcan experiments
on artificially cemented calcareous soils have shown that the pure vertical bearing response of circular
foundations can also be described as bi-linear, with a yield point that is similar to the yield stress in 1-dimensional
compression [Poulos and Chua (1985), Houlsby et al. (1988), Sharp and van Seters (1988), and Randolph and
Erbrich (1999)]. The bearing resistance then increases with continuing displacements, with no clear failure point.
This behaviour is consistent with local or punching shear failure. Randolph and Erbrich (1999) explain this bi-

linear shape as being attributable to the very small settlement expected before the yield pressure is exceeded.

A.9.3.2.5.4

Predictive methods

The predict
sands becau

ons of spudcan penetrations in carbonate sands are likely to be less accurate than those for-§
se carbonate sands generally have high porosity and a varying degree of cementation.

Spudcan pefpetration occurs due to a combination of soil compression and soil failure. The use of the conventi
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hr failure model for sand for predicting the penetration is, therefore, not appropriate: This mod
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p] is,

nerally adopted for penetration predictions in carbonate sands but requires acareful assessment of

riction angle. The reduction of the friction angles is typically in the range of 3°'to“7° for cemented
carbonate sands.

and

htion is required for sites with a surface crust of cemented soil overlying weak, uncemented lafers

consideration given to the type of punch-through mechanism.

F al. (1993) and Finnie and Randolph (1994a) outline a beating modulus method for unceme
ands. This is based on the results of a series of centrifuge experiments of model footings that indi
tical bearing capacity increased linearly with depth. An*estimation of the bearing pressure ca
s a function of the overburden pressure rather than the(self-weight as given in Formula (A.9.3-9):

4\ (A9,

q

he penetration and N, is the bearing capaeity factor. Whilst N, ~ 50 was found to provide reason
of the centrifuge test data, it can ovérpredict the foundation bearing capacity of spudcan
carbonate soils. Formula (A.9.3-9).can’be adapted to calculate the vertical bearing capacity f
can by sub-dividing the spudcan geometry vertically into a number of equivalent circular footing
bure A.9.3-8. The bearing capacity of the area at the base of each slice in contact with the soil ca
calculate iteratively the overall bearing capacity of the conical footing for different fod
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Figure A.9.3-8 — Representation of a conical spudcan by equivalent circular footing “slices” for the

calculation of vertical bearing capacity in carbonate sands

Other predictive methods for circular spudcans on both cemented and uncemented calcareous sands have been
published, including Islam (1999), Islam et al. (2001), Houlsby et al. (1988), Randolph et al. (1993), Finnie and
Randolph (1994a), and Yamamoto et al. (2008), (2009). In concluding that the bearing response of shallow
foundations on calcareous sands is better modelled with a compressional deformation mechanism and the
punching shear pattern, Yamamoto et al. (2008, 2009) provide simple formulae for the response of shallow
footings on compressible sands.
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A.9.3.2.6 Penetration in layered soils

A.9.3.2.6.1 General

1:2016(E)

Three different foundation failure mechanisms should be considered when making spudcan predictions in layered

soils:

a) general shear;

b) squeezing;

c) [purch=througts

Thelfirst failure mechanism occurs if soil strengths of subsequent layers do not vary significantly, Thus
soil [strength (either s, or ¢) can be determined below the spudcan. The spudcan penetration Wersus
capdcity relationship is then generated using criteria from A.9.3.2.2 to A.9.3.2.5.

Critgria for the other two failure mechanisms (squeezing and punch-through)yare given in A
A.9.8.2.6.6. Punch-through is of particular significance since it concerns a potentially dangerous situat
stropg layer overlies a weak layer and, hence, a small additional spudcan penetration can be assoc

signiificant reduction in vertical bearing capacity that results in rapid leg penettation.

Bac

A9,

On ¢
vert
Vesi

kflow and infill should be considered.

3.2.6.2 Squeezing of clay

soft clay subject to squeezing overlying a significantlystronger layer (see Figure A.9.3-9), the gr|
ical bearing capacity of a spudcan can be analysed by\methods given by Brown and Meyerhof (1
c (1975) in combination with the bearing capacity\and depth factors given by Skempton (1951]

Formula (A.9.3-10).

whae

and

and

, an average
foundation

9.3.2.6.2 to
ion where a
ated with a

pss ultimate
D69) and by
as given in

(A.9.3-10)

Q, :A[aS + b;B + 1,2D S, +pg}2A{NC s.d. s, +pg}
re

d.=1+0,2D/B
the following squeeZzing factor constants are recommended:
ag=5,00

b,=0,33
s(is the undrained shear strength of the soft clay layer.

It is pointed out that the lower bound vertical foundation capacity is given by general failure in the clay layer
[right hand side of Formula (A.9.3-10)], and that squeezing occurs when B> 3,45T (1 + 1,025D/B) for D/B < 2,5.
The upper bound capacity (for T << B) is determined by the ultimate bearing capacity of the underlying strong soil

laye

r.
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Key
spudc

softer

stronger soil

effectiye spudcan diameter

depth

v, available spudcan reaction; see Formula (A.9.3-1)

128 effecti

T thicknpss of weaker clay layer beneath the spudean

A.9.3.2.6.3

The gross ultimate vertical bearing capacity of a spudcan on the surface of a strong clay layer overlying a W

1
2
3
4 no badkflow and no infill (i.e. no backfill)
B
D

n with effective bearing area, A

clay layer with shear strength, s,

pf spudcan below sea floor

e overburden pressure at depth, D

Figure A.9.3-9 — Spudcan bearing capacity analysis — Squeezing clay layer

Punch-through: two claylayers

clay layer dan be computed.aécording to Brown and Meyerhof (1969) as given in Formula (A.9.3-11);
Figure A.9.3;10):
H D+ H
Qy =4 [355‘” ¥ N (1+ O’ZT)Su,b +p] < ANsds, +p)) (A9.3
Formula (A.p.3-11) applies to clay layers of uniform undrained shear strengths.

reak
(see

11)
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spudcan with effective bearing area, A

stronger clay layer with shear strength, s, ,
weaker clay layer with shear strength, s,

no backflow and no infill (i.e. no backfill)
effective spudcan diameter

depth of spudcan below sea floor

available spudcan reaction; see Formula (A.9.3-1})
effective overburden pressure at depth, D
distance from spudcan to weaker layer below

Figure A.9.3-10 — Spudcan bearing capacity analysis — Two clay layers

3.2.6.4 Punch-through‘—Sand overlying clay

computed using a load’Spread model (see Figure A.9.3-11). In this model, the bearing capacity of the

is cd
this
isn

The

is a convenient method for expressing the bearing capacity of the spudcan within the layered soi
t a representation of the actual “punching shear” failure mechanism.

fietitious footing has an equivalent diameter is as given in Formula (A.9.3-12):

gross ultimate vertical bearing capacity of a spudcan on a sand layer overlying a weak clay |

lculated by considering a fictitious footing at the interface between the sand and clay layers. B4

ayer can be
bpudcan, Qy,

aware that
| profile and

B' =B+ 2H/n,

(A.9.3-12)

For sand overlying clay, a load spread factor, n, of 3 (see Figure A.9.3-11) has been recommended by Young and

Focht (1981) for jack-up foundations. However, comparison with model test data [Jacobsen et al. (1977), Higham
(1984), and Craig and Chua (1990a)] suggests a range of n; from 3 to 5. Conversely, actual spudcan penetration

data are available that suggest smaller n, values (Baglioni, 1982). It is, therefore, recommended that load spread
factors in the range of 3 to 5 be used, consistent with current industry practice.
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The calculation of the bearing capacity of the fictitious footing should include consideration of the weight of the
sand, W, between the base of the actual spudcan and the fictitious footing at the surface of the lower (clay) layer as
given in Formula (A.9.3-13):

W =0257(B +2H /n)*Hy' (A9.3-13)
The total capacity is, therefore, as given in Formula (A.9.3-14):

Qu=Qup-W (A.9.3-14)

ratro Ca 24 dapd y 10 Ot 00 e

which can be calculated using Formula (A.9.3-7).

a—rre

where Q, s aHou
the sand andl clay layers with no backfill,

4

2 \
\ T
Exd__ \
OROL0L0L0R0A OAOAO0R0L0 D00 QL O0/R0OA0L0L0_R0OA0A0L0/C
0696262606969626852084 3 3852599358580800680686803¢
0q0R0%0f 05504 %0 0005000 1w 30006462606058503200R0
TTOI0A0A040 0 070"
Qu,b
BI
Key
1 spudcgn with effective diameter, B
2 sand layer with submérged unit weight of ¥
3 clay layer
4 void above spudeah, i.e. no backflow and no infill (i.e. no backfill)
5 fictitigus spudcan with effective diameter, B, at the interface between the upper and lower layers
D depth pfactual spudcan below the sea floor

v, available spudcan reaction; see Formula (A.9.3-1)

H distance from spudcan to clay layer below

n load spread factor for sand overlying clay (typically 3 to 5)
P, effective overburden pressure at depth D

Figure A.9.3-11 — Spudcan bearing capacity analysis — Sand over clay

Alternatively, the gross ultimate initial bearing capacity may be calculated using Formula (A.9.3-15) derived from
Hanna and Meyerhof (1980):
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Qy =Q,, — AHy' + 2AH(Hy' + 2p} )K tan(p / B) (A.9.3-15)

where Q,}, is determined according to A.9.3.2.2, assuming that the spudcan bears on the surface of the lower clay
layer with no backfill.

The punching shear coefficient, K, depends on the strength of both the sand layer and the clay layer, which can be
derived from the graphs in the reference paper, Hanna and Meyerhof (1980); see Figure A.9.3-12.

The bearing capacity for Qcay / Qsand ratios less than 0,1 may be calculated using the methods described in either
A.9.3.2.6.4 or Annex E.3.

M"’ A
12
10 1
2
3
8
4
6
4
2
0 -
0 01 02 03 _"04 05 06 07 08 09
chay
Qsand
Key
¢I — 400
¢/ - 350
¢! — 300
4 ¢'=25°
K coefficient 6f punching shear
QClay bearirig dapacity of clay for a surface strip footing of width equal to the spudcan diameter, B
Qsan bearing capacity of sand for a surface strip footing of width equal to the spudcan diameter, B
@' effective angle of internal friction for sand in degrees

Figure A.9.3-12 — Bearing capacity ratio versus coefficient of punching shear for spudcans

A new approach based on a centrifuge study has been proposed by Teh et al. (2010). The load-penetration curve
typical of the punch-through condition is represented by a simplified profile consisting of three characteristic
bearing capacities, namely bearing capacity at sea floor, Q, (at d=0), maximum bearing capacity, Qpeak (at
d =d_,.), and bearing capacity in the underlying clay (for d > H). A brief description of the approach is provided in
E.3.
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A.9.3.2.6.5 Punch-through — Cemented crust over weak soil

The occurrence of a cemented crust overlying a weak layer of clay or loose sand/silt should be carefully
considered. The analysis relies on accurate information on the thickness and strength of the crust and the strength
of the underlying layer. The analysis can be performed using simplified load spread models or advanced
numerical models. The potential for punch-through can be significantly affected by the shape of the spudcan and
its tip.

A.9.3.2.6.6 Three layered systems

The gross ujtims ! : 3 S =
using the squeezing and punch through criteria for two layer systems Firstly, the bearlng capac1ty of a spudican
with diameter B at the top of the lower two layers (layers 2 and 3 in Figure A.9.3-13) is computed. These|two
layers can then be treated as one (lower) layer in a subsequent two layer system analysis involving the upper
layer (layer [l in Figure A.9.3-13). Analysis for the top layer can incorporate load spread effects.

1 l_lﬂl 1

2 2

3 3

a) Analysis 1 — Layer 2 over layer b) Analysis 2 — Layer 1 over layers (2 and 3)
Key
1 layer 1
2 layer 2
3 layer 3
vy available spudcan reaction see Formula;(A.9.3-1)

Figure A.9.3-13 — Spudcan bearing capacity analysis — Three-layer case

A.9.3.3 Yield interaction

A9.3.3.1 General

During prelpadingy-the soil beneath the spudcan fails plastically and the spudcan penetrates until the bearing
capacity is i equlhbrlum w1th the preload reaction. When the preload is removed the soil unloads on the small
strain unloald- a e e z = are
then used to determine the maximum moment and horlzontal capacities that, w1th the vertical capac1ty, are the
principal values that define the size of the yield interaction surface.

The limiting combinations of the spudcan moment, vertical and horizontal reactions are defined by the yield
interaction surface; see Figure A.9.3-14. Inside the yield surface the foundation behaviour is considered to be
elastic for small strains, but it becomes increasingly inelastic as the yield surface is approached. On the yield
surface, the foundation undergoes inelastic deformation with increased reaction beneath the spudcan. Provided
the jack-up's preload capacity is appropriate for a site's environmental conditions, the majority of the foundation
load-deflection behaviour during a storm should be essentially elastic and only a few, if any, extreme events cause
stiffness reduction.
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When the foundation is considered as pinned, the yield surface degenerates to a vertical-horizontal load space.

A9.3.3.2 to A.9.3.3.6 are applicable to traditional spudcan designs. Guidance for the foundation behaviour of
spudcans fitted with skirts is provided in A.9.4.1.

The modelling approach to the interaction of vertical, horizontal and rotational forces on the spudcan was initially
developed for shallow foundations based on a plasticity relationship; see Dean et al. (1995), Cassidy et al. (2006),
Wong and Murff (1994), Baerheim (1993) and van Langen and Hospers (1993). The plasticity relationship can
account for moment softening at high loading levels, unloading behaviour and work-hardening effects. The shape

of the yield surface for shallow foundations is paraboloidal.

In ¢
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surf]
This
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emh
emh
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The

shallow penetrations is likely to be conservative for the deep’penetration case.

lay, a deeply embedded spudcan can achieve a greater moment capacity than a spudcan wit
btration [see Templeton et al. (2003), (2005) and Templeton (2006)]. In addition, the shape
nce changes from paraboloidal to becoming progressively more ellipsoidal with increasing
was first shown experimentally by Martin and Houlsby (2000), further substantiated vis
ysis by Martin and Houlsby (2001) and confirmed via finite element analysis by.-.Templeton e
effect can be taken into account by interpolating between the paraboloidal shape of

edments (D> 2,5B) using the depth interpolation parameter, a. Accomplishment of thg
Fpolation via a single parameter linear variation of the coefficients was §hown to be sufficiently|

pleton (2006).

model does not include sliding; where sliding is important, thigshould be incorporated separate
hod described in A.9.3.5.

Fe is no existing data for deeply embedded spudcans in sand. The application of the yield surface

h a shallow
of the yield
penetration.
numerical
F al. (2005).
he shallow

edment yield surface [obtained by setting a =0 in Formula (A.9.3-16)] and)the ellipsoidal shape for deep

necessary
accurate by

ly using the

alibrated to

In the yield formula, the gross ultimate vertical bearing capacity, Qy, is initially established by preload operations

and
can

formulae given in A.9.3.2.2 through A.9.3(2;6. In assessment analyses that incorporate work harg

pos
Qy ¢

pen

leanfing due to the additional pepietration. Consideration should be given to the possibility of excess

rapi

The
jack

include quasi-static contributions due to factored actions, and contributions from dynamic 1

app

related to V|, as specified by Formula (A.9.3-6). However, in some cases, subsequent environmg
cause further penetration and a correspoénding increase in @y, as is consistent with the load

ible increases in @y can be included automatically. In other types of analyses, the effects of such

btration. In either case, care~should be taken to include all contributions from P-A effects ass
d penetration and/or ptnch-through.

forces Fy; and Fy, dnd the moment Fy; acting on the spudcan are the forces transferred to the found
-up in operational, extreme storm or earthquake conditions due to the assessment load case Fy

Fopriate,ih.accordance with the procedures of Clause 10.

Eg isithe horizontal force applied to the spudcan due to the assessment load case F (see 8.8).

ntal actions
penetration

ening, such
increases in

an be included via calculations,using the load-penetration formulae, together with values of anly additional

ciated with
penetration,

ation by the
in 8.8. They
esponse, as

— Fy is the gross vertical force acting on the soil beneath the spudcan due to the assessment load case Fy (see

8.8).

Fy is the moment applied to the spudcan due to the assessment load case F, (see 8.8).

If a force combination (Fy,Fy,Fy) satisfies Formula (A.9.3-16) for the interaction yield surface, then this
combination lies on the yield surface. The force combination (Fy,Fy,F)y) lies outside the yield surface if the left-

hand side of Formula (A.9.3-16) is greater than zero. Conversely, the force combination lies inside the yield
surface if the left-hand side is less than zero.
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a) H-Vslice when M=0,0 b) M-V slice when H=0,0
HA
M
c) H-M slice when V=¥,
Key
H horitontal capacity
M monjent capacity
%4 vertical capacity
Figure A.9.3-14 — Three slices'through the three-dimensional yield surface
(at M=0,0; H=0,0; and V=V, constant)
A.9.3.3.2 Ultimate vertical /horizontal /rotational capacity interaction function for spudcans in sand|
and clay
The general formula, Formula(A.9.3-16), from Templeton (2006) can be used for fully or partially penetr
spudcans:
F 2 3 ? F. ? F F
B M 161 —a)| L] [1-—L| —4alYL{1-—L =0 (A9.3}
QH M Vv QV QV QV

where, for the vertical direction:

Qv

additional penetration Q, =Qy,, the capacity achieved during preloading, as defined in A.9.3.2.1.5;

Fy

8.8) as given in Formulae (A.9.3-17):

150

Fy=V,—Bg (with no backfill)

is the gross ultimate vertical bearing capacity of the soil beneath the spudcan. In the absence of

is the gross vertical force acting on the soil beneath the spudcan due to the assessment load case, Fq (see
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Vg 1is the vertical force applied to the spudcan due to the assessment load case, F4 (see 8.8), which includes

quasi-static contributions due to factored actions and contributions from dynamic response, as
appropriate, in accordance with the procedures of Clause 10, and also includes leg weight and water
buoyancy but excludes the submerged weight of backfill (Wgp , + Wgg ) and spudcan soil buoyancy (B);

where, for the horizontal direction and moment,

Fy is the horizontal force applied to the spudcan due to the assessment load case, F4 (see 8.8);

Fy is the bending moment applied to the spudcan due to the assessment load case, F (see 8,8).
a) |The clay formulation is given in Formulae (A.9.3-18) to (A.9.3-25) [variables for sand canbe’found in b)].
Qu=Cy(Qy—-p7, 7B?/4)

= Cy Qvpet (see Notes 1 and 2) (A.9.3-18)

Qu = [0,1+0,05a(1+b/2)] (Qy - p’, 7B2/4) B

=[0,1+0,05a(1+b/2)] Qypet B (see Note 1) (A.9.3-19)
a=D/2,5B for D < 2,5B (see Note 3)
(A.9.3-20)
=1,0 forD >2,5B (see Note 3)
where
P’ is the effective overburden pressure at depth, D, of maximum spudcan bearing area;
b= (Dy sy,)/ (D sy) (see Note 4) (A.9.3-21)
Qunet = (Sy'Ngsq-d.) T BZ[4 (A.9.3-22)
CH = CHshallow + [CHdeep - CHshallow) D/B fOI‘ D < B (See Note 4)
(A.9.3-23)
= Chgedp forD=B (see Note 4)
whete

Dy, is the depth of backflow (see A.9.3.2.1.4), equal to (D — H_,,); infill should not be cdnsidered;

s, isthe undisturbed undrained shear strength;

S,a is the undrained shear strength of backfill material above the spudcan, accounting for
disturbance and soil sensitivity;

w1 is the undisturbed undrained shear strength at the spudcan tip;

w s the undisturbed undrained shear strength at deepest depth of maximum bearing area
(D below sea floor);

© ISO 2016 - All rights reserved 151


https://standardsiso.com/api/?name=8527c9f5bb05f1c49fb3d22fe0c1b5c3

ISO 19905-1:2016(E)

CHshallow = [Squ + (Suo + Su,l) As]/QVnet (A.9.3-24)
Chideep = [1,0 + (8,2/540)1 [0,11 + 0,39(A,/A)] (A.9.3-25)

Formula A.9.3-25 is only valid for cases including backfill. In cases without backfill Cygeep Should be
taken as Cyshanow as per formula (A.9.3-24).

NOTE The formulation given in Formula (A.9.3-25) for the case of deep embedments in clay is partly
based on the finite element results in Templeton (2009), and reduces to Formula 2 in that paper for the case of
Sua = Suo’
where
A s the spudcan effective bearing area based on cross-section taken at uppermast paft of
bearing area in contact with soil (see Figure A.9.3-2);
A, is the spudcan laterally projected embedded area (the projection ©ofthe area in contact
with the soil).
b) The sand formulation is given in Formulae (A.9.3-26) to (A.9.3-27).
Qy=0.12(Qy —p, 7B* / 4)
=0,12 Qvnet (see Note 1) (A.9.3-26)
Qy =P.075B (Qy, —p! 7B* / 4)
=0,075 B Qvnet (see Note 1) (A.9.3-27)
a=0,
where
24 is the effective overburden pressure at depth, D, of maximum spudcan bearing area;
Quhet = (7'd, NynB3/8) b 4o Ny7iB2/4) — (p', 7B2/4);
dy is the depthfactor on surcharge for drained soils; dy =1,0;
B is the'maximum effective spudcan diameter in contact with the soil;
Y is the submerged unit weight of the soil;
N, is a dimensionless bearing capacity factor calculated for the axisymmetric case (no further shape

factor should be applied).

For sand, the values of 0,12Qy,,.; and 0,075BQy,,. are based on experimental evidence that includes Tan (1990),
Gottardi and Butterfield (1993), (1995), Gottardi et al. (1999), Byrne and Houlsby (2001), Bienen et al. (2006),
and Cassidy (2007). There are no existing data for spudcans deeply embedded in sand. The application of these
parameters, which are calibrated to shallow penetrations, is likely to be conservative for the deep penetration
case.
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At zero vertical load a shallow sand foundation has no horizontal or moment capacity because it is cohesionless
and conforms to the yield interaction formula in bearing. Conversely, for spudcans in clay, when there is adhesion
and/or suction, there can be horizontal and moment capacity in excess of the yield interaction surface given above
when Fy; < 0,5 Qy. In such cases, the yield surface expansion given in A.9.3.3.3 may be used. For deep penetration

cases where suction capacity exists, Qy can be less than zero and the yield surface may be enlarged; the simplified
expansion given in A.9.3.3.3 should not be used.

NOTE 1 The moment capacities are calculated as a function of the product of the net vertical bearing capacity and the
effective spudcan diameter. The horizontal capacity in sand or clay is calculated as a function of the net vertical bearing
capacity. For clay, the net vertical bearing capacity is used because the weight of soil on top of the spudcan does not affect the
horizontal and moment capacities. For sand, the use of net capacity is conservative because it neglects the increase in capacity
due fo the weight of any soil on top of the spudcan which has a beneficial effect on the horizontal and moment.dgapacities. For
the dase of shallow embedment in clay, a conservative value for C}; can be established by considering minimahenfbedment of a

flat-bottomed spudcan on very strong clay where the horizontal capacity per unit base area is given by the shear|strength, and
the yertical capacity per unit base area is approximately six times the shear strength, so that: @; = 0,16°Qy,,. Thi§ value can be

used as an alternative, conservative, horizontal capacity expression for shallow embedment in clay.

NOTE 2 According to Andersen (2004), for clays susceptible to cyclic degradation{i.e. with OCR, Ry, >4), cyclic

degridation reduces the horizontal capacity by 30 %, i.e. the horizontal capacity calculated from static soil progerties should
be nfultiplied by a reduction factor of 0,7.

NOTE 3 The depth interpolation parameter, g, is given as a function of the embedment, D, which is measured as the depth
belopv mudline of the lowest point of the spudcan's maximum width. Technically, D=0 does not occur until| the spudcan
pendtration is sufficient to fully seat the spudcan's maximum width. As a praetical matter, penetrations shalloweq than this are
not pormally expected in clay, but in the event that such shallow penetrations are considered, the value a = 0 can Be used.

NOTE 4 Both D (the depth of embedment) and D, (the depth ofbackflow) are measured upward from the lowest elevation
of thie largest spudcan width. D, is taken as zero unless the top ofthe spudcan is effectively covered.

In many cases, simpler forms of the yield interaction formula can be used. Results from finite elemlent analysis
[sed Templeton et al. (2005) or Templeton (2006)] indicate that insignificant error is incurred by the use of the
value, a = 0 for embedment less than 0,3B or by the use of the value, a = 1 for embedment greater than|1,7B.

In the case of a = 0, the yield interaction\formula reduces to the paraboloidal form given in Formula (A]9.3-28):

2 F 2 E 2 2
M 16| 1--Y| =0 (A.9.3-28)
Qum Qy Qy

F
Gl il
Qy

In the case of a = 1, theyield interaction formula reduces to the fully ellipsoidal form given in Formula |(A.9.3-29):

FZ
o<y
O

2
F_M —4
Qum

F F
A ) (A.9.3-29)
Qy Qy

Formula (A.9.3-16) for the yield surface can be conveniently rewritten to give the maximum available moment on
the spudcan Fy as a function of the applied horizontal and vertical forces as given in Formula (A.9.3-30):

2 2 0.5

F F F F F.
=Qy |16(1—a) |~ A Hi 440 VL|1-YL (A.9.3-30)

F 1— o . 6
QV QV QH QV QV

M

This formula only applies when

© ISO 2016 - All rights reserved 153


https://standardsiso.com/api/?name=8527c9f5bb05f1c49fb3d22fe0c1b5c3

ISO 19905-1:2016(E)

0<Fy <Qy

and the condition given in Formula (A.9.3-31) is satisfied:

2

v

Qy

F,

|, _F

1V
Qy

P

— + 4a
Qy

(A9.3-31)

0 < 16(1—a) F—Vz 1—
Q Q,

\%

A9.3.3.3 Spudcans in clay with Fy; < 0,5 Qy

The yield syirface in the region 0<F/Qy < 0,5 (typically applicable to windward legs) can be replaced by an
adhesion enjvelope that provides additional horizontal and moment capacity due to spudcan-soil adhéesion.|The
adhesion erjvelope is applicable for vertical load levels less than (Fy/Qy), which defines the tangent interfept
between th¢ adhesion envelope and the standard form of the yield surface and is dependent upon the adhesion
factor, ¢, anfl the “a” parameter that defines the form of the yield surface. The adhesion enveldpecan be exprepsed
as given in Jormula (A.9.3-32):

2 2
F F
HY 4 |—M_ | —10=0 (A.9.3}32)
f1Qy f2Rw
where

Fy
fi =af+m, | — (A.9.3r33)

v
f>=f1 Where suction (i.e. uplift resistance) is available, or (A.9.3-34)

Fy ’ Fy ’ Fy Fy . .
fo=4]1p(1-a) Q— 1-—~| +4a|— ||1+—- | where suction cannot be relied upon;

v Qy Qy v
a = 1,0for soft clays (s, = 20 to 40 kPa), or (A.9.3;35)
a = 0,5]for stiff clays (s, =-75%Pa to 150 kPa), or

o is[determined bylinear interpolation when 40 < s, < 75;

m , is[the gradient of the adhesion envelope.

Figure A.9.3}15) provides a graphical representation of the adhesion envelope and the definitions of]| the
parameters m , and (Fy/Qy).
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Figure A.9.3-15 — lllustration of the adhesion envelope modification

tothe standard yield surface for F,, < [F—V]
Vit

a islthe adhesion factor and-accounts for the degree of adhesion. The assessor should consider « valugs within the
range of 0,5 to 1,0 depending on site-specific soil data, spudcan/soil interface roughness, etc. Whenfhard clay is
predent at the surfacewith an « value below 0,5, the standard form of the yield surface shoyld be used
[Fomula (A.9.3-16)].

The|values form}, and (Fy/Qy), have been determined for a= 0,0 (paraboloidal) as given in Formulae (4.9.3-36) and
(A.913-37)and for a = 1,0 (ellipsoidal) as given in Formulae (A.9.3-38) and (A.9.3-39):

— |Fara=0:
m, = 4(1-@) (A.9.3-36)
F,
Py o \/3 (A.9.3-37)
o), V4
— Fora=1
2
m, =122 (A.9.3-38)
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F. 2
(V] -z (A.9.3-39)
QV ¢ a?+1

Values of m  and (Fy/Qy); for intermediate values of a can be solved for iteratively.

Selected values of (Fy,/Qy) are provided in Table A.9.3-4:

Table A.9.3-4 — Values of (Fy,/Qy), for various values of g and «

a

a 0,0 0,2 0,4 0,5 0,6 0,8 1,0

0,5 0,354 0,334 0,308 0,293 0,276 0,238 0,200

0,6 0,387 0,373 0,354 0,343 0,331 0,300 0,265

0,7 0,418 0,408 0,396 0,388 0,379 0,357 0,329

0,8 0,447 0,441 0,433 0,428 0,423 0,409 0,390

0,9 0,474 0,471 0,468 0,465 0,463 0,457 0,448

1,0 0,500 0,500 0,500 0,500 0,500 0,500 0,500

Selected valjes of m are provided in Table A.9.3-5:

Table A.9.3-5 — Values of m for various values of a and «

a

a 0,0 0,2 0,4 0,5 0,6 0,8 1,0

0,5 1,172 1,200 1,239 1,264 1,295 1,378 1,500

0,6 0,902 0,917 0,937 0,950 0,965 1,006 1,067

0,7 0,653 0,661 0,670 0,676 0,683 0,701 0,729

0,8 0,422 0,425 0,429 0,431 0,434 0,440 0,450

0,9 0,205 0,206 0,207 0,207 0,208 0,209 0,211

1,0 0,000 0,000 0,000 0,000 0,000 0,000 0,000

Formula (A.p.3-32) can'be re-written to give the maximum moment on the spudcan as a function of the horizdqntal
force as givgn in Formula (A.9.3-40):

! 27%8

Fy =szM[1—Lfrg J J (A.9.3-40)
1*H

This formula applies only when the conditions given in Formulae (A.9.3-41) and (A.9.3-42) are satisfied:

F F,
0<—Y < {—VJ (A.9.3-41)
Qv Qv ),

and
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Fyy < f,04 (A9.3-42)

For a vertical and horizontal force combination that lies inside the yield surface given above, the moment on the
spudcan is limited to the maximum available moment capacity Qy.

A.9.3.3.4 Modification of the yield surface for partial penetration in sand

On seabeds of silica sands, conical spudcans that are not fully seated can develop increased moment capacity due
to the rotation of the spudcan causing an eccentric seabed reaction which provides a beneficial resisting moment.

Theleffect may be taken into account for spudcans with Fy,/Qy > 0,5. The increased ultimate moment dapacity QMp
due| to eccentric seabed reaction is estimated as the minimum of Q. and Qyp,ccalcylated from
Forfnulae (A.9.3-43) and (A.9.3-44) respectively; see Svang (1996):

QMps = O’O7SBQVnet (Bmax / B>3 (A.9.3-43)

Qmpy = 0.15BFy (A.9.3-44)

Not¢ that the horizontal capacity is unaffected.

The| combined capacity should be checked against the .medified yield interaction surfacp given in
Formula (A.9.3-45):

F, 2 F, ’ F, 2 F, ?
H LM el 1Y = (A.9.3-45)
Qy Qump Qy Qy

A.93.3.5 Expansion of the yield surfage‘for additional penetration in sand

Addjitional penetration of a spudcan in sands can be accounted for by using plasticity principles. Reconimendations
on ypdating stiffness and the flow.of plastic displacements within a work-hardening framework are|{ provided in
Houllsby and Cassidy (2002), Cassidy et al. (2002a) and Bienen et al. (2006).

Thig increase in penetration can also result in increased structural utilizations which should lpe assessed;
see A.9.3.6.6.

A.93.3.6 Expansion of the yield surface for additional penetration in clay

For |additionalvpenetration of spudcans in clay, Wong and Murff (1994) and van Langen and Hogpers (1993)
proyide,wWork-hardening modifications to the yield surface formulae. Updated stiffnesses and capacities are
detdrmined through plasticity principles.

A.9.3.4 Foundation stiffness

A9.34.1 Vertical, horizontal and rotational stiffness

Vertical and horizontal stiffnesses of the foundation are based on the elastic solutions for a rough flat-based
circular rigid disk on an elastic half-space with modification factors to account for spudcan embedment. For the
effects of leg embedment, see A.9.3.4.6. The elastic stiffness factors are calculated assuming full contact of the
spudcan with the seabed. If the vertical reaction is insufficient to maintain full contact as the moment increases,
then reduced stiffnesses should be used. The stiffness factors are derived for a homogeneous, linear, isotropic soil
as given in Formulae (A.9.3-46) to (A.9.3-48):
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1 =Kg ﬂ (vertical stiffness) (A.9.3-
(1-v)
K,=K,, 16GB( —v) (horizontal stiffness) (A.9.3-
(7—-8v)
GB® S . . |
K; =Ky m [rotational stiffness for relatively low levels of loading; see Winterkorn and Fang (1975)](
-V

Torsional sj

The selectid
lower boun
appropriate
In general,
consequenc

NOTE y:

moment and
seabed reacti

A.9.3.4.2

A9.3.4.2.1

Table A.9.3-
the stiffnesg

partial bacKfill can be interpolated from the values fer-full and no backfill provided in the tables. Zhang 4

(2012) also
v =0,5) bas
profiles whg

For embedr]
extrapolatig

udcan foundation stiffness (i.e. for spudcan rotation about its vertical axis) should not be used:
n of the shear modulus of the foundation soil, G, is discussed in A.9.3.4.3 to A.9.3.4.5: Al uppe
for fatigue related analysis. The shear modulus is influenced by the stress level and strain amplit
the shear modulus decreases with increasing strain amplitude. In this part-of 1SO 19905,
bs are addressed by reducing the stiffnesses.

lithough the cross-coupling stiffness, K,, which links horizontal footing displacements and footing rotatio

horizontal loads, respectively, is not explicitly calculated, it is incorporated €0 some extent by the choice o
pn point as described in A.8.6.2.

Stiffness modifications

Embedment

of flat plate and conical type footings on an elastic half space, after Bell (1991). Values for the ca

present stiffness depth factors for typical:spudcan-shaped footings in undrained clay (Poisson's 1
ed on a constant rigidity index profile;with depth; care is required when using this approach for
re this is not the case, e.g. where the*overconsolidation ratio is not constant with depth.

hent depths 2D/B greater than'4,0, the stiffness depth factors for 2D/B = 4,0 should be used (|
n is not recommended).

46)

47)

A.9.3-48)

I or

1 value should be selected as appropriate for the analysis being undertaken, e.g. thiesupper valyge is

ude.
the

1S to
f the

b provides values for the stiffness depth factors I3, K, and K3, to account for embedment effectls on

e of
t al.
htio,
soil

Hata
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Stiffness factors for v=0,0
2D/B Ky Ky, Ky3
No backfill Full No backfill Full No backfill Full
backfill backfill backfill
0,0 1,00 1,00 1,00 1,00 1,00 1,00
0,5 1,15 1,21 1,33 1,49 1,28 1,64
1,0 1,28 1,41 1,44 1,71 1,43 2,05
2,0 1,42 1,70 1,51 1,92 1,51 2,31
4,0 1,59 2,00 1,61 2,06 1,57 2,41
Stiffness factors for v=0,2
2D/B K1 Kgp Ka3
No backfill Full No backfill Full Nobackfill Full
backfill backfill backfill
0,0 1,00 1,00 1,00 1,00 1,00 1,00
0,5 1,11 1,18 1,32 1,47 1,23 1,54
1,0 1,21 1,34 1,42 1,67 1,37 1,90
2,0 1,34 1,59 1,48 1,85 1,44 2,15
4,0 1,49 1,85 1,58 1,98 1,51 2,25
Stiffniess factors for v=0,4
2D/B Ka Ka2 Ka3
No backfill Full No backfill Full No backfill Full
backfill backfill backfill
0,0 1,00 1,00 1,00 1,00 1,00 1,00
0,5 1,08 1,14 1,31 1,45 1,18 1,43
1,0 1,16 1,27 1,41 1,64 1,31 1,76
2,0 1,27 1,48 1,48 1,80 1,39 2,01
4,0 1,41 1,72 1,57 1,92 1,47 2,13
Stiffness factors for v=0,5
2D/B Ky L Ka3
No backfill Full No backfill Full No backfill Full
backfill backfill backfill
0,0 1,00 1,00 1,00 1,00 1,00 1,00
0,5 1,07 1,10 1,32 1,44 1,18 1,39
1,0 1,15 1,23 1,44 1,62 1,31 1,71
2,0 1,25 1,44 1,51 1,78 1,40 1,99
4,0 1,40 1,69 1,59 1,91 1,51 2,16

© ISO 2016 - All rights reserved

159


https://standardsiso.com/api/?name=8527c9f5bb05f1c49fb3d22fe0c1b5c3

ISO 19905

A.9.3.4.2.2

-1:2016(E)

Cyclic loading

According to Andersen (2004), for clays (with OCR, R 2 4) subjected to cyclic actions, the cyclic foundation

stiffnesses can be obtained by multiplying the static foundation stiffnesses with factors of 1,25 for horizontal, 1,25
for rotational and 3 to 8 for vertical stiffness. The reference static foundation stiffnesses are first loading, small
strain values, not including unload/reload effects.

A9.3.4.2.3

Linear vertical, linear horizontal and secant rotational stiffness

Except for
following pt
method acc

If the force
should be rd

Although th

rotational s
foundation

approached

fr = (1 7
The parame]
practice, thg
applicable t
the range o

applicable d
the simpler

fe="1¢

As n approa
gives the m

frzl_

The variablg

simple dynamic analyses with linearized foundations contained within A.10.4.4.1.2 Option ',
ocedure should be used if the reduction of rotational stiffness is not included in the soil'model.
mmodates stiffness reduction in a simple manner for responses within the yield surface:

duced using iterative analysis until the force combination lies on the yield surface.

e force combination (Fy, Fy, Fy) lies inside the yield surface, the initjal estimate of linear
fiffness should also be reduced by following the iterative procedure.in A.10.4.4.1.2 and using
rotational stiffness reduction factor, f, which has an increasing*-effect as the yield surfag

The factor is obtained from Formula (A.9.3-49); see Templeton(2007):

n) re/In[(1—nrg /(1 -rg] (A9.3
ter, n, accommodates spudcan rotation resistance curves with various degrees of curvature chang
value of this parameter should be set to suit thesbest available data (either empirical or analyt|
h the jack-up and site. Finite element analysis fei’the Gulf of Mexico (Templeton, 2007) clay indid
n=-0,25 to —1,0, with n=-0,5 providing the best overall representation. In the absence of dir¢
ata, the value of n can be set to 0. In this caSe; the rotational stiffness reduction factor expression t
form given in Formula (A.9.3-50):

In(1—-rf)

ches 1,0 the stiffness reduetion expression tends towards the form given in Formula (A.9.3-51), w|
st conservative treatment of stiffness reduction:

i

, ', in the stiffiess reduction expression is the failure ratio defined by Formula (A.9.3-52):

(A9.3

(A9.3

the
The

ombination (Fy, Fy, Fy) lies outside the yield surface, the linearized rotational stiffiiess at the spugican

ized
the
e is

[49)

e. [In
cal)
ates
ctly
hkes

50)

hich

51)

(A9.3

where “a” is

160

as defined in A.9.3.3.2.

-52)
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re>1,0 implies that the force combination (Fy, Fy, Fy,) lies outside the yield surface. Under such conditions, the

reduced stiffness factor is not applicable, and the rotational stiffness is reduced until the force combination lies on the yield
surface.

For fully embedded foundations in clays at vertical force ratio F, /Q, < [

Fy

\

as given in Formula (A.9.3-53):

0,5

|

(E 2 (5 )

] , the failure ratio can be expressed
t

whae

A.9.
A fi
imp
and
fact

A9,

Ac
imp

A ng

usedl to provide a benchmark for the results.

A9,

The
stre
the

Whg
Excq

re = <10

3.4.2.4 Non-linear vertical, horizontal and rotational stiffness

GRREN

fZQM
] , f1 and f; are as defined in A.9.3.3.3.
t

F,

Iy
Qy

1l yield interaction surface model that includes non-linear vertical; horizontal and rotation
icitly incorporates the necessary stiffness reduction as a consequehnce of work-hardening plastic
rotation [van Langen et al. (1997), Wong et al. (1993), and Gassidy et al. (2004b)]. The stiffne
br should not be applied.

3.4.2.5 Non-linear continuum foundation model

ntinuum foundation model that includes non-litear soil behaviour (e.g. elastic-plastic work

n-linear continuum foundation model should not be used unless one of the simpler analysis meth

3.4.3 Selection of shear modulus, G, for clay

value of the initial, small-straih shear modulus for clay, G, should be based on the value of the und
hgth, s, measured at the\depth z=D + 0,158, where B is the effective diameter of the spudcan in
5oil and D is the predicted depth below the sea floor of the lowest point on the spudcan with
re the clay is significantly layered, the average strength within the range z=D to z=D + 0,3B sho

i

(A.9.3-53)

stiffnesses
splacement
bs reduction

hardening)

icitly incorporates the necessary stiffness reduction. The stiffness reduction factor should not be gpplied.

ds has been

ained shear
fontact with

diameter B.
uld be used.

bpt in areas/with carbonate clays or clayey silts the shear modulus should be calcylated from
Formula (A.9.3-54), see Cassidy et al. (2002b) and Noble Denton (2006):

(A.9.3-54)

600 . : Lo .
G=G6 .. =5, 025 with G < s I ¢ and subject to the limitations given below.
(Ree)
Oty
where
Gpax is the maximum value of the shear modulus, which occurs at small strain;
NOTE 1 In forming estimates of foundation stiffness from linear elastic solutions to represent n

on-linear soil

behaviour, one general method uses the linear elastic stiffness solution with a shear modulus taken as a function of
strain level. Another method uses a non-linear stiffness function, which varies with the amplitude of the action and
a constant shear modulus. In the former method a distinction is made between the term, Ginax (the maximum value

of the shear modulus, which occurs at small strain) and the term G (the general shear modulus, which varies with

strain magnitude). In the latter method, the maximum value of shear modulus is used and no such
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The recommendations given above (Cassidy et al., 2002b) are interided for use in site-specific assessment;
both extrenje loading and applications involving small strain beneath the spudcan. In the calculation of fixity
extreme loading, the rotational stiffness based on the small-strain G values is degraded, either explicitly in
linearized fpundation model using the stiffness reduction formulae given in A.9.3.4.2.3, or implicitly using
linear foundlation models. In the case of small-strain applications such as in structural fatigue analysis,
stiffness reductions do not apply, and it can be appropriate to adopt upper-bound values of G.

162

[rNC

terms is made. Consequently, in this part of ISO 19905, the term G refers to the maximum value, which occurs at

small strain.

is the overconsolidation ratio;

is the rigidity index for normally consolidated clays.

For extreme loading situations, and in the absence of other data, Iy should be conservatively limited

to 400; see Noble Denton (2006).

o E = IEaY

I\‘l' I'L 4 Tilﬁ lﬂLUlIllIlVllL‘ldLiUllD Uf r‘l‘U‘UiV DﬂIlLUll (ZUGO) dl'e ‘Udbﬁb‘l Ul OVl LUllbUiib‘ldLb‘d leyb WiLil }Jidb
ifdices of up to 60 %. Due consideration should be given to the possibility of determining site-specific shear\fn
fdqr cohesive soils other than overconsolidated clays and/or where the plasticity indices exceed 60 %.

h[n some cases, higher ratios of I . have been reported. The data in Figure A.9.3<16-support the us
gher values (possibly between 1 000 and 2 500) for plasticity indices less than 20 %.

j=x

It should be recognized that I . generally decreases with increasing plasticity index (Andersen (20

o]

gure 10.2; reproduced as Figure A.9.3-16). For clays with plasticity ihdices less than 20 % or gre
lhan 60 % and where the shear modulus is not supported by sité<specific data, the assessor sh
ccount for this trend when determining G.

(S =

Ilnc = 600 is supported by field data for jack-up response in the Gulf of Mexico; see Templeton (2006
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NOTE 1

strepgth determined by different test methods is not significant in comparison to the uncertainty in this appro}
apptoach can, therefore,be used when direct simple shear test results are not provided.

NOTE 2

A.9.

344——-Selectionof- shearmodulus;Gfor-sand
O 1] y O, ma

@
€ 3000
S
B - |
[ ]
19 m
3+ =
2 000
[ ]
|
me
| |
- (] —
40+ 584
| ]
28+ B
1 000 '_: =
e +
4+ ] [T |
" - m N n
i 2150++ - .I : ) = i
40 + i - ] " F
0 | | | | |
0 20 40 60 80 100 1,

R,.>1,5 (with R value indicated at data point)
1,0<R,.<15

plasticity index in percent

over-consolidation ratio

maximum soil shear modulus

undrained shear strength'from direct simple shear test

The determinatiomof G, . via the use of rigidity index is inherently approximate. The variability

Taken from/Andersen (2004), Figure 10.2.

Figure A.9.3-16 — Normalized initial shear modulus as a function of plasticity index, ]
for 11 different clays

in the shear
kimation. The

For sands, the initial small-strain shear modulus should be computed from Formula (A.9.3-55):

G/pa = j(sz/Apa

where

J

)0,5

is the dimensionless stiffness factor, j = 230|0,9 + % ;
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p, isthe atmospheric pressure, typically taken as 101,3 kPa;

Dy is the relative density (expressed in percent);

|4

<w 1S the gross vertical spudcan reaction inclusive of backfill under still water conditions (the reaction that
would be obtained if the jack-up were supported on an infinitely rigid foundation, plus the reaction due
to the submerged weight of any backfill on the spudcan, less the submerged weight of soil displaced by

the spudcan below D, the greatest depth of maximum cross-sectional spudcan bearing area below the sea

flo

or).
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e loading and applications involving small strain beneath the spudcan. In the calculation of fixity
ding, the rotational stiffness based on the small-strain G values is degraded, either explicitly in
undation model using the stiffness reduction formulae given in A.9.3.4.2.3, or implicitly using

linear foundlation models. In the case of small-strain applications such as in structural fatigue analysis,

stiffness red

A.9.3.4.5

Roesset (19
layer of fini

uctions do not apply, and it can be appropriate to adopt upper-bound values of G.

Selection of shear modulus for layered soils

B0) provides formulae for the vertical, horizontal, rotational and torsion'stiffnesses of a rigid disc
thickness, including the effect of embedment into that layer. Guidance 'on soil moduli of multilay

e
systems is alllailable in Ueshita and Meyerhof (1967).

A.9.3.4.6

For deep p4g
augmented

The lateral s
for lateral

determining

The diamet{

Soil-leg interaction

netrations, typically experienced in soft clay conditiof$, the calculation of foundation fixity ca
ith the inclusion of the lateral soil resistance on the'leg members (Brekke et al., 1989).

oil resistance of the backfill material can be madelled based on concepts proposed by Matlock (1
5oil resistance of piles. The jack-up leg _can be modelled as an equivalent pile for purpose

p-y, or load-deflection curves.

brs of the individual members (i.e. leg chords and braces) give appropriate characteristic dimens

for determining the p-y curves. The p-y curves for each member are directionally combined to form equivalen

curves alon
compressivg
springs at e

A935 V

A.9.3.5.1

The generd
two-dimens|

b the leg, accounting for soil.layering and changes in leg geometry. Any external face of each le
b contact with the soil may be assumed to contribute to the lateral resistance. Typically, equiva
ch bay elevation are used to simplify the calculations.

ertical-horizontal foundation capacity envelopes

General ultimate vertical-horizontal foundation capacity envelope

1 gross\ ultimate vertical-horizontal foundation capacity envelope for jack-up spudcans
jonal slice of the full vertical-horizontal-moment envelope as given in A.9.3.3.2. If the spudcan mon

r for
the
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the

bn a
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s of
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capacity is

zero (i.e. Fy;=0), the ultimate vertical-horizontal foundation capacity envelope is as give

h in

Formula (A.9.3-56):

2

Fu
Qy

2
—4a

2

Qy

Fy

Qy

v

Qy

2
F
—V] 1-— 1-— =0 (A9.3

—1&1—@[

\Y%

For small embedments (in the limit as a — 0), this formula reduces to Formula (A.9.3-57):
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Qy

(A.9.3-57)

where Qy is taken to be equal to the gross ultimate vertical foundation capacity of the soil beneath the spudcan
(achieved during preloading), evaluated as described in A.9.3.2.2 to A.9.3.2.6, and Qy as defined in A.9.3.3.2.

A.9.3.5.2 Ultimate vertical-horizontal foundation capacity envelopes for spudcans in sand

The yield surface used for checking the vertical-horizontal foundation capacity of spudcans in sand is presented in

A9.B5T:
The| sliding failure envelope used for checking the sliding capacity of a spudcan in sarnd\ is ps given in
Formula (A.9.3-58):
Qus = Fytan(9) + 0,57 (k, — k) (hq + hy) Ag (A.9.3-58)
whdre
Fy s the gross vertical force acting on the soil beneath the spudcan due-to the assessment load|case F; (see
8.8):
Fy=V,—Bg (with no backfill)
Fy=Vs+ Wgg o+ Wgga— Bg (with backfill) (A.9.3-59)
hy isthe embedment depth to the uppermost part of the spudcan, (if not fully embedded h; = 0)
h, is the spudcan tip embedment depth;
k, isthe active earth pressure coefficient (for s, = 0), k, = tan?(45 — ¢7/2);
kp is the passive earth pressure.coefficient, kp =1/k;
o0  isthe steel/soil friction.angle in degrees:
o= ¢’—5° (for a flat-bottom spudcan, f= 180°),
o=¢’~05 (f—170°) (for 170° < £<180°), (A.9.3-60)
Jo e (for a conically shaped spudcan, £<170°)
where
[ is the effective cone angle in degrees (see Figure A.9.3-3);
¢’ is the effective angle of internal friction for sand in degrees.
A.9.3.5.3 Ultimate vertical-horizontal foundation capacity envelopes for spudcans in clay

The yield surface used for checking the vertical-horizontal foundation capacity for spudcans in clay for Fy, > 0,5 Qy,
is presented in A.9.3.5.1 and for Fy; < 0,5 @y in A.9.3.3.3.

The sliding capacity, Qy,, in clay can be assumed to be @ as defined in A.9.3.3.2.
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Ultimate vertical-horizontal foundation capacity envelopes for spudcans on layered soils

The foundation capacity of layered soils can be determined using the principles of limiting equilibrium analysis or
the finite element method. Alternatively, the formulae given in A.9.3.5.2 and A.9.3.5.3 can be used to make a
conservative estimate of the ultimate vertical-horizontal capacity relationship for layered soils by considering
failure through the weakest zones in such a soil profile.

A.9.3.6 Acceptance checks

A.9.3.6.1

General

Figure A.9.3

17 shows the overall approach to the foundation acceptance checks.
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Perform foundation assessment
See Clause 9 and A.9.3.6.

check, see A.9.3.6.2,
and Step 1b
windward leg check,
See
A93.63

0K

Step 2a
Perform foundation 0K
capacity and sliding checks
See A9.3.6.4.
—_——_——
Perform structural analysis assuming
degrading moment fixity with linear
vertical and horizontal springs
See A.9.3.4.2.3 and Figure A.10.5-1
Step 2b
see A.9.3.6.5. 0K
Perform foundation
capacn%{md sliding
chec m.a

Perform structural analysis
assuming full non-linear foundation
fixity. See A.9.3.4.2.4

Step 2¢
see A.9.3.6.5.
Perform foundation

capacity and slidi
p tII( Uses "€

— e — i — — —

Step 3a
Pérform displacement
check on all legs
See A9.3.6.6

|
I
!
I
|
I
I
I
I
I
I
I
I
|
I
7 —_—
I
|
I
I
I
|
I
I
I
I
I
I
I
I
I
I

Step 3b
Perform structural analysis with Foundati bl
non-linear continuum foundation OK | Foundation acceptable
Notbfg ) — — - model. See A.9.3.4.2.5
I Not OK | _
+__..,_____L__..._ _______ ] Foundation NOT
acceptable

Figure A.9.3-17 — Approach to foundation acceptance checks

A.9.3.6.2 Level 1, Step 1a — Ultimate bearing capacity check for vertical loading of the leeward leg -
preload check (pinned spudcan)

The preload check should be applied only when the horizontal force on the leeward leg spudcan, Fy, is no greater
than Fyy; (see Table A.9.3-7) and when the forces are determined from an analysis model with pinned condition
for all spudcans. In this case, the maximum gross vertical force Fy, should comply with the limit given in the
applicable Formula (A.9.3-61) or Formula (A.9.3-62):
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Fy <Vio/Yrere * Waro — Bs (with backfill) (A9.3-62)
where

Yrpre IS the preload resistance factor, Y ppg = 1,10;
Wgp, is the submerged weight of any backflow and infill that is predicted to occur during preloading;

Fy is the gross vertical force acting on the soil beneath the spudcan due to the assessment load case Fj
(see 8.8) as given in Formulae (A.9.3-63):

Fy=V,—Bg (with no backfill)
Vit is the vertical force applied to the spudcan due to the assessment load case FySee 8.8). This inclyides

quasi-static contributions due to factored actions, and contributions from dynamic responsg, as
appropriate, in accordance with the procedures of Clause 10, and also includes leg weight and water
buoyancy but excludes the submerged weight of backfill (Wgg , + Wpye) and the soil buoyancy of the

spudcan below the bearing area Bg;

Wgra |is the submerged weight of any backflow and infill that is.predicted to occur after the maxirhum
preload has been applied and held.

Table A.9.3-7 — Limiting horizontal capacity, Fy3, for Step 1a bearing capacity check

Soil type Embedment Limiting herizontal capacity, Fy;, for Step 1a to apply
Partial [0,1-0,07 (B/B )% Qunet
Sand
Full 0,03 Qypet
Clay Any 0,03 QVnet

NOTE 1 The constants in Formulae (A.9.3-61) and (A.9.3-62) include the effects of Yz pre = 1,10 The limiting horizntal
capacity, Fy,} for Step 1a was determined from the intersection between unfactored vertical-horizontal bearing cappcity
envelope and maximum allowable“gross vertical reaction, Qv max with some reduction applied for conservatism. Assupning
a=0, the liniting horizontal capacity, Fy;, corresponding to maximum vertical capacity, Qy .., can be computed from
Formula (A.9]3-64):

F — A0~ (7R,PRE - 1) VLO (VR_PRE - 1) VLO

L) 0 ) 0
[ 7 RPRE *V Il 7 RPRE *V ]

Q, (A.9.4-64)

For J; prg = 1,10, Formula (A.9.3-64) can be approximated by Fyy; ~ 0,33V}, Q;/Qy and is equivalent to Fyy; ~ 0,04 Qy,, for
shallow penetrations in sand. Conservatively, 0,03 was used for the limits given in Table A.9.3-7 (see also Note 2).

NOTE 2 For shallow spudcan penetrations and vertical reaction of 0,9 @y, ., the available unfactored horizontal capacity is
approximately 0,04 Q... If the horizontal reaction exceeds 0,04 Qy;, ., additional penetration can occur. The use of 0,03 Q.

in the check, therefore, includes a level of conservatism. If the spudcan is fully embedded, the additional penetration can be
significant. Additional penetration can increase the soil resistance but, to increase the horizontal capacity to 0,1V, the

additional penetration is about 10 % of the spudcan diameter and outside tolerable limits. Conversely, where the spudcan is
partially embedded (i.e. when the maximum spudcan bearing area is not mobilized), any additional penetration results in a
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significant increase of bearing capacity due to the rapid increase in the bearing area. An increase in embedded area of
approximately 10 % increases the vertical bearing capacity such that, simultaneously, the horizontal foundation capacity

incr

easesto 0,1 V.

NOTE 3 For partial spudcan penetration in sand, Qy,.. can be taken as being equal to V|, for the purposes of the Step 1a
check.
A.9.3.6.3 Level 1, Step 1b — Check of the windward leg — Pinned spudcan

The windward leg check should be applied only when the horizontal force on the windward leg spudcan, Fy, is no

greg

ter than F'nl (cpp Table A9 ?-7) In this case the cliding stability of the windward ng is checked

by ensuring

that

whe

Int

A9,

A9,

Are

sub
con

four

The

spugican reactions should be evaluated for each spudcan. If the reaction forces on the spudcan li¢

fact
the

capd
FV =

A m|
poir

magnitude of the vector to the loading point should be compared against the magnitude of the v

slidlrng check in Step 2 should be performed.

the vertical reaction complies with Formula (A.9.3-65):
Fy>(1-1/vrpre) Qv
re Y prg IS the preload resistance factor, Vg prg = 1,10.

e case of a sand foundation, this check is valid for sand friction angle ¢’ > 25°.)Fo¥ friction angles

3.6.4  Level 2, Step 2a — Foundation capacity and sliding check“- Pinned spudcan

3.6.4.1 Step 2a — Foundation capacity check

duction in the ultimate vertical bearing capacity, Qy, of a spudean foundation occurs when it is sin
ected to a horizontal force, Fy;, and a moment, Fy,. The latter is ignored in Step 2a analyses as the s

idered to be pinned. The following paragraph describes the construction of the factored vertic3
dation capacity envelope and the foundation capacity check for Step 2a which is also applicable to

vertical-horizontal foundation capacity for _sands and clays can be generated according to A.9

bred vertical-horizontal bearing capacity‘envelope and the factored sliding failure envelope (see
foundation is satisfactory. To obtain-the factored vertical-horizontal bearing envelope, the vertic3

city envelope is scaled by the resistance factor, YRvH from the point of zero net reaction,
Wy, — Bs)- In effect, the enyelope is shrunk towards this scaling origin.

pasure of the foundatiomutilization (see Clause 13) can be obtained by assessing the proximity o
t (Fy, Fy) to the factored vertical-horizontal bearing capacity envelope. When making the

(A.9.3-65)

lp’ < 25°, the

ultaneously
pudcans are

I-horizontal
Step 2b.

3.5 and the
within the
A9.3.6.4.2),
I-horizontal

i.e. (FH = 0,

the loading
check, the

pctor to the

factpred vertical-horizontal bearing capacity envelope. The origin of the vectors is arbitrary; however, for
congistency andste help produce a meaningful value of the resulting utilization, the origin of [the vectors
(Fip|Fy)org_should be taken on the vertical capacity axis (at zero shear) at 0,5 Qy/)pyy (see Figupe A.9.3-18).
Accordingly,each spudcan foundation should satisfy the capacity check given in Formula (A.9.3-66):

| (pn' pv} = (pn' pv)ur(u — Qvn,r_ (pn- pv)umj (A.9.3-66)
where

(Fy Fy) is the environmental response point (determined from factored actions);

(Fy, Fy)org is the origin used for establishing the utilization; this should be taken as H=0,0;

V=0,5Qy/ v

Qv is the gross ultimate vertical foundation capacity;

© ISO 2016 - All rights reserved 169


https://standardsiso.com/api/?name=8527c9f5bb05f1c49fb3d22fe0c1b5c3

ISO 19905-1:2016(E)

Qup is the point where the vector originating from (Fy, Fy)org and passing through (Fy, Fy)

intersects the applicable factored vertical-horizontal capacity surface. The factored
vertical-horizontal capacity surface is derived by dividing the coordinates of the applicable

surface from A.9.3.5 by the resistance factor )i vy with respect to the point of zero net reaction
(0,Wgg, — Bs);

YRVH is the partial resistance factor for vertical-horizontal foundation bearing capacity, 3 vy = 1,10;

| represents the vector magnitude.

VoA
U=|(FwF\) - (FuFy)oral 1Oyt - (FrFvoral

(FuFy)org =
0,5 QV/VR,VH

a) Sand

4

Oy

(Ov+Bs)ligyiBs

B Fv)ors = p
0,5 Ovligvm

-Bs

b) Clay with spudcan buoyancy and no backfill

Figure A.9.3-18 — Vertical-horizontal foundation capacity envelopes (1 of 2)
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VoA
Oy
(Ov- g +B) U=|(FuFV) - (FuFvoralQun s - (FuFv)oral
+Wer o Bs

(FuFyv)ore =

Key

N

=TT U1 s W

QVH.f

U
%4
TR VH
TR Hfc

0,5 Ovlr ym

WeroBs

Sl |

Onl VR, Hic On

c) Clay with spudcan buoyancy and backfill

vertical-horizontal foundation capacity

factored vertical-horizontal foundation capacity (edordinates multiplied by 1/ y) relative
origin as defined

sliding capacity (see A.9.3.6.4.2)
factored sliding capacity (unfactored horizontal sliding capacity coordinate multiplied by 1/ y
vectors indicating origin for construction of the factored V-H bearing capacity envelope
represents the vector magnitude

horizontal reaction or horizontalcapacity

gross ultimate vertical foundation capacity (with zero horizontal load)

point where the vecter originating from (Fy, Fy)ggg and passing through (Fy, Fy) intersectd
vertical-horizontaleapacity surface derived by dividing the coordinates of the applicable surfac
by the resistance faetor j; vy

utilization forenvironmental response point (Fy, Fy) as given in A.9.3.6.4
vertical reaCtion or vertical capacity
partial tesistance factor for foundation (bearing) capacity

partial resistance factor for horizontal (sliding) capacity

Figure A.9.3-18 — Vertical-horizontal foundation capacity envelopes (2 of 2)

o the scaling

fc)

the factored
b from A.9.3.5

A.9.376.2°2— Step 2a — Foundation sliding check

In Step 2a, the spudcan foundations should also be assessed using the following sliding check, since the factored
sliding failure surface can lie within the factored vertical-horizontal bearing capacity envelope. The same
procedure also applies for Step 2b.

The horizontal capacity of the foundations of the windward leg(s) should be checked for the horizontal forces on
the spudcan(s), Fy;, in association with the gross vertical force Fy. The most onerous case is likely to be with a

single windward leg, the minimum variable load and the centre of gravity offset to leeward; however, it is good
practice to assess the horizontal capacity for all legs and load cases.
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where
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ion should satisfy the capacity check given in Formula (A.9.3-67):

(A.9.3-

67)

is the point where the vector originating from (Fy, Fy)grg and passing through (Fy, Fy) intersects the

applicable factored sliding capacity surface derived by dividing the horizontal coordinates of
applicable surface Q¢ from A.9.3.5.2 (sand) or A.9.3.5.3 (clay) by the resistance factor, J; y¢;

the

QHs

YR Hfc

A9.3.6.5
fixity and v

Step 2b and]
except that
the spudcan

The capacity
vertical-horj

is the foundation sliding capacity; see A.9.3.5.2 (sand) or A.9.3.5.3 (clay);

is the partial resistance factor for horizontal foundation capacity where yp y¢. = 1,25 for'sand, b

on drained conditions and effective stress, or Yg ;. = 1,56 for clay, based on undrairied condit
and total stress;

represents the vector magnitude.

Level 2, Steps 2b and 2¢c — Foundation capacity and sliding check’— Spudcan with moment
ertical and horizontal stiffness

2c foundation analyses inherently ensure compliance with the unfactored foundation yield sur
n a Step 2b analysis compliance is no longer assured when thie moment fixity has reduced to zerd
has become pinned.

F checks to undertake in a Step 2b assessment are_idéntical to those undertaken for Step 2a in w|
zontal capacity and sliding capacity for sands .and“clays can be generated in accordance with A.9

and the spydcan reactions are evaluated for each spudcan. If the vertical and horizontal reactions from
response zﬂfﬂysis (which has accounted for spudcan{moment fixity with stiffness reduction) lie within

factored fo

A Step 2c ay
the frictiona
reaches the
are require
A9.3.6.4.2.

A.9.3.6.6
the foundat

Vertical sett]
outside the

dation capacity envelopes, the foundatidn is satisfactory.

alysis implicitly includes a check on-compliance with the unfactored foundation yield surface. W

1 sliding surface intersects thetfoundation capacity envelope, sliding can occur before the resp

yield surface. When this sliding effect is included in the response analysis, no further Level 2 ch

. When this sliding effect is ot included, a sliding check should be undertaken in accordance
all cases, the Level 3,Step 3a displacement check should be performed.

ion capacity.

lement and/or sliding of a spudcan can occur if the forces on the spudcan due to the extreme even
yield dinteraction surface computed for the spudcan at the penetration achieved during installa

Such settle

integrity of thé_foundation can decrease in the situation where a potential punch-through exists, e.g. where d

ents.often result in a gain in capacity through expansion of the yield interaction surface. However

Level 3, Steps, 3aand 3b — Displacement check — Settlements resulting from exceedance ¢f

hsed

lons

face,
, L.e.

hich
3.5
the
the

hen
nse
bcks
vith

are
ion.
the

Pnse

sand overlies soft clay. More thorough analyses should be performed for such cases and for the complex and/or
potentially dangerous foundation conditions listed in A.9.3.2.5 and A.9.3.2.6.

A Step 3a check can be accomplished by identifying the “equivalent” preload level that would be required to
expand the V-H yield surface used in Step 2 such that the factored capacity exceeds the forces on the spudcan. The
added penetration associated with this “equivalent” preload is calculated using each of the three predicted load-
penetration curves [using the best estimate, upper bound and lower bound soil strength profiles and separate
global response analyses as appropriate; see A.9.3.2.1.1b)]. If any of these three additional penetrations is
significant, the effects on the spudcan foundation and the structure should be evaluated and the procedure
iterated to establish whether the consequences of the displacement on the other utilization checks are acceptable.
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A Step 3a check can also be performed when the Level 2a or 2b sliding or capacity check of a windward leg is not
satisfied, or is no longer satisfied due to the additional penetration of a leeward leg as described above. In the case
of a windward leg, sliding can occur when the factored load exceeds the factored capacity resulting in
redistribution of the horizontal reaction to the leeward leg foundations. This effect can be assessed by limiting the
factored horizontal reaction to the factored sliding limit (dependent on Fy) and iteratively determining the
redistribution of loads and the associated non-linear displacement of the structure. The effects on all spudcan
foundations and the structure should be evaluated and the procedure iterated to establish whether the
consequences of the displacement on all the other utilization checks are acceptable, including the foundation
capacity of the other legs.

A St

p3b analusis inherentlzincludes a check on the direct conseauences of spudcan displacement T
r J 4 1 r r

erefore, no

four
pen

dation checks are required, although it should be shown that the results are not sensitivie
btration assumptions, i.e. that small changes in the forces on the spudcan or assumed soil strength

o the load-
do not lead

to lqrge increases in penetration.

Whe

e.g
dep

n assessing the acceptability of displacements, due consideration should be giventd.operational limitations,
acking operations to level the unit and re-establish a safe hull elevation or to depart the site. The limits are
endent upon the jack-up and the configuration at the site.

A.98.6.7 Foundation settlement not specifically addressed elsewhere

Sett] e taken. The

sett

ement of the spudcans should be estimated and checked. If necessary, corrective actions should b
ements of installed spudcans can be assessed from a combinatign of:

elastic settlements;

consolidation settlement;
settlements due to cyclic loading;
settlements due to seabed instability.
r numerical

alculated as
ftlements of

The
geof
fund
coh

elastic settlements and consolidatign settlements can be calculated using conventional analytical
echnical models. The elastic settlements occur concurrently with applied actions and can be ¢
tion of the basic elastic soil properties (v and G) and the applied actions. The consolidation se
sive soils can be calculated-using conventional models accounting for time effects.

n should be
5 can induce

Cyclic environmental actions/or operational vibrations can induce further settlements. Special attentid
given to cyclic loadinginssilty sand or silt. Cyclic loading can also involve a soil strength reduction. Thi
settlements due to b€aring failure.

Sealped instability due to scour or gas seeps involves a decrease in the effective bearing capacity. Thi$ can induce
settlements.due to local bearing failure.

' protective

A.9.4 Other considerations

A.9.4.1 Skirted spudcans

Skirts are added to spudcans to provide additional foundation capacity and stiffness compared to conventional
conical spudcan geometries.

Within the skirt, the typical geometry of the underside of a skirted spudcan is either relatively flat or conical. In
some cases, the leg chords may protrude below the skirt tip and achieve first contact with the sea floor, thus
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protecting the skirt whilst going on and off location. In the case of skirted spudcans with a flat underside, a level
and undisturbed seafloor surface is required in order to minimize the potential for eccentricity of the foundation
reaction.

In order to realise the maximum benefit from using a skirted spudcan, the underside of the skirted spudcan should
achieve full contact with the sea floor surface. Calculations should be performed to determine the penetration
resistance of the skirt, including any bulkheads and internal or external stiffeners and, hence, whether the applied
preload is sufficient to ensure that full contact is achieved.

Methods for calculating the tip and skin friction components of the skirt penetration resistance are described in
DNV Classification Note 30.4 (1992). In cases where the skirt tip has a greater thickness than the rest of the skirt,

consideratid
seabed, esp¢

If the penet
occurs, cong
the resultin
skirt void. If
consequenc

Considerati
or any infill

If the voids
the enclose

cohesionles$

bulkheads.

Once full co

that of an embedded footing. As the soil within the spudcan'skirt is effectively part of the spudcan, the weig

the enclosed

At locations|
capacity of
determinati

The bearing
et al. (1995

(1996), Gourvenec (2003), (2008)).Gourvenec and Randolph (2002), Kellezi et al. (2005a, 2007, 2008), Lelar

al. (1994) 3

however, cdre is warranted -before making such an assumption as weaker soil from the seabed surface tray

within the
available; sq

When full spudcan-seabed contact is achieved, the embedment of the skirted spudcan can permit the use of el

foundation §

n should be given to the potential for a gap to form above the skirt tip during penetration intd
cially in cohesive soils.

ration resistance exceeds the available preload footing reaction and partial penetration of the
ideration can be given to measures such as applying suction for increasing the penettation or infi
b void within the skirt with suitable material introduced through valved pipes that\penetrate intd
after preloading, the skirt is partially penetrated, the assessment should be re¥ised to determine
s, including a consideration of the strength of the skirt.

n should also be given to the effects of compaction and/or consolidation-of the soils within the
material used during preloading.

vithin the skirt are not completely infilled, consideration should'be given to the effect of moveme

l seawater within the skirt due to spudcan rotation, especially for compartmentalized skirt

soils where “piping” can occur due to flow of the enclosed water around stiffener plate

itact has been achieved, the vertical bearing capacity of the skirted spudcan essentially correspon
soil plug should be incorporated in the penetration resistance calculations.

the foundation can be significantly greater than the applied preload. Methods are available for

bn of such additional “virtual” capacities, see for example DNV Classification Note 30.4 (1992).

capacity envelopes appropriate for skirted footings have been the subject of much research; see Il
, Bransby and Randolph'(1998, 1999), Bransby and Yun (2009), Cassidy et al. (2004a), Eide 4

nd Svang and Tjelta’(1996). The skirted spudcan has generally been modelled as a solid foo
spudcan skirg)can influence the failure mechanisms developed, reducing the additional cap3

e Bransby atid-Yun (2009).

tiffhess depth factors corresponding to a solid footing as described in Bell (1991).

the

kirt
ling
the
the

kirt

ht of
S in
5 or

s to
t of

with relatively strong soils and when the underside of the skirt spudcan is flat, the ultimate bearing

the

ean
t al
det
[ing,
ped
city

istic

The extraction resistance for a skirted spudcan can be substantial; consequently, skirted spudcans are not usually
employed at locations where soil backfill can occur on top of the spudcans. Extraction can be assisted through the
use of drainage and/or the application of water pressure within the skirt in order to minimize the development of
suction within the soil below the spudcan.

Soil can remain within the skirts after extraction of a skirted spudcan from a location with cohesive soils, which
can influence the penetration response during subsequent installations.
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A hard, sloping stratum can be created by a sand wave, sand bank, scour around a platform, buried geomorphic
features such as channels, footprints produced by previous jack-up emplacements, human-related seabed activity,
or a combination of the above. Such slopes can cause eccentricity in the spudcan reaction, which can lead to
emplacement and removal difficulties, particularly for leg designs with slender braces, as in the following
examples.

Ant
four

Con

A9,

Surf
late
min
rem|

Info|
Dea
(20

A9,

Alo

estilnates have proven to be generally conservative due to the omission of beneficial effects such as sy

and
In d
for

incl
A9,
Leg

The eccentric reaction can result in a significant leg bending moment in the region of the hull.

Where this

bending moment is reacted by the leg guides, the resulting large shear force can overstress the leg members.

If a fixation system (rack chocks) is employed at the leg-to-hull interface, the bending moment p;
time when the fixation system is engaged is locked into the leg. If the eccentricity of the spudea
subsequently exacerbated (e.g. by scouring around the spudcan), then the effective leg bending
the region of the hull can increase. When the fixation system is later disengaged, the rédistrib
moment in the leg for the revised support condition provided by the pinions and guides can cause

cipated installation-induced stresses should be considered in the site-specific:assessment (see
dation reactions should be assessed against bearing and sliding capacities of the sloping hard stra

kideration can be given to the potential benefit of seabed preparation prior to emplacement of the

1.3 Footprint considerations

ce or buried footprints from prior jack-up operations in the'proposed field can cause eccentric
-al movement of the spudcan. One preventive approachis avoidance (i.e. positioning spudcs

ediation, etc.
rmation on spudcan-footprint interaction can-be found in Stewart and Finnie (2001), Cassidy ¢
3).

4.4 Leaning instability
iver bound estimate of the leaning stability can be obtained using the theory of Hambly (1985). Hg
lateral soil resistance-on the legs.
leep water, a potentially unsafe condition (comparable to a punch-through situation) can occur. T|

buch incidents can be mitigated if appropriate installation procedures are adopted. These can, f
ide preloading the spudcans individually.

1.5 , \Leg extraction difficulties

esent at the
)l reaction is
moment in
ution of the
overstress.

5.4.8). The
um.

ack-up.

reactions or
ns at some

mum distance away from the footprints) while mitigations include working the legs, leg stomping, seabed

¢ al. (2009),

h and Serra (2004), Jardine et al. (2001), Teh-et al. (2006), Gaudin et al. (2007), Gan et al. (2008) ajnd Foo et al.

wever, such
udcan fixity

he potential
or example,
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deeply penetrated spudcan in soft clay or loose silt;

skirted or caisson-type spudcan where uplift resistance can be greater than the installation reaction;

sites where the soil exhibits increased strength with time.

A jack-up pulls its legs from the seabed by lowering the hull into the water, thereby generating a buoyant uplift
force and inducing tensile forces in the legs. The force required to extract the leg is affected by several factors,
including the nature of the soils, the depth of penetration, the geometry of the spudcan and whether soil backfill
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has occurred. The force available for leg extraction is frequently less than the force applied during installation.
Where significant leg penetrations are attained, it is not uncommon for pulling of the legs to take several days, or
in some cases much longer.

Where leg extraction problems are predicted, a warning should be included in the site-specific assessment report.

Potential mitigations include jetting and/or excavation of the surface soils. However, these measures can alter soil
strength and the seabed topography, which can affect the future emplacement of jack-ups at the same site.

Further details can be found in Byrne and Cassidy (2002), Craig (1998), Craig and Chua (1990b), Craig et al.
(2002), Erbrich (2005) and Purwana et al. (2005).

A.9.4.6 Cyclic mobility
General guldance on the assessment of the potential for liquefaction and/or cyclic mobility \is giver] by

Kramer (1996) and Idriss and Boulanger (2004). Dean (1991) presents approximate methods/for estimdting
settlements|of submerged foundations subjected to time dependent loading.

A.9.4.7 S¢our

The key conditions for scour are:

— hydrodynamic conditions;

— flow digturbance due to presence of an obstruction;
— potentipl for erosion of the sea floor material.

For the hydrodynamic conditions, the combination of tidal“and non-tidal current velocities (e.g. storm-drfven
currents) aife key parameters, so that the effects of scour can increase rapidly during storms, particularly when

the two confributions are aligned.

The maximym depth of scour adjacent to the spudcan is related to the dimensions of the obstruction introdyced,
either the s;[udcan itself or the spudcan in combination with the leg structure.

Particle siz¢ has a strong influence on-the erodibility; see Figure A.9.4-1. Particle sizes larger than those of the
original seafloor, such as gravels and cebbles can be useful for scour protection.

Scour is mofe important for spudcans with limited sea floor penetration, as removal of the soil can result in] the
following:

— aredisqribution ofleg forces or loss of jack-up hull trim;

— aredudtionvofthe bearing capacity of the foundation and seabed fixity;

— eccentricityim the bpudLau Treactio;
— anincrease in an existing potential for punch-through in layered soils.

There is no definitive procedure for the evaluation of scour potential, but useful reference material can be found in
Sweeney et al. (1988); Whitehouse (1998) and Rudolph et al. (2005). Previous operational experience can help in
the management of scour, either in the development of scour protection measures or of an awareness of the
critical combination of tidal and non-tidal (storm driven) currents that can induce scour. Scour protection
measures include the following:
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a) gravel dumping prior to installation, provided the selected gravel gradation does not cause damage to the
jack-up spudcans: Particularly for the larger materials, care should be taken to ensure that this activity does
not adversely affect future jack-up emplacements;

b) use of frond mats, gravel bags, gravel dumping or grout mattresses after installation, the effectiveness of
which can be evaluated from scour surveillance monitoring;

¢) monitoring and adjusting for reduction in hull elevation.
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Figure A.9.4-1 — Soil particle size and seabed mobility
[after McDowell and O'Connor (1977)]

A.948) Spudcan interaction with adjacent infrastructure

The interaction of the spudcans with adjacent infrastructure can be addressed with reference to the literature, e.g.
Siciliano et al. (1990), Stewart (2005), Leung et al. (2006), and Kellezi et al. (2005b).

A.9.4.9 Geohazards

Certain areas of the world, including the US, require shallow geohazard surveys and publish documents that can
give some useful guidance, e.g. US Department of the Interior Minerals Management Service (2008) and OGP
(2009). It is important that the work is planned, performed and assured by qualified geohazard specialists to
ensure that it is fit-for-purpose and meets the actual regulatory requirements of the host country.
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A.9.4.10 Carbonate material

No guidance is offered.

A.10 Structural response

A.10.1 Applicability

No guidance is offered.

A.10.2 GeJleral considerations

The ULS re
spudcans, hj
system. Thq
earthquake
application
range of heg
is/are deter

When deter
fatigue lives
is typically
jack-up (sese

A.10.3 Types of analyses and associated methods

The extremg
using a qua
(random) d

Table 10.3-1
approach cg
method sho

Eponses typically include overturning moments of the jack-up, reactions and displacements at
orizontal deflections of the hull, the internal forces in the leg members and forces)in the hol
responses should be obtained using appropriate combinations of functional actiehs, metocea
Actions, and dynamic, second order and leg inclination effects with the action factors in Annex B.
pf actions is described in 8.8 and A.8.8. In 5.4.3, it is required that the analysis be carried out
dings with respect to the jack-up such that the most onerous loading(s) for,each item in the list a
mined.

mining the FLS response, the cumulative number of stress cyclés should be used to estimate
of steel components (see 10.6). Clause 10 is specifically aimed{at'short-term operations where fat]
not a consideration. However, fatigue response can be important for long-term applications
Clause 11).

i-static analysis that includes an inertial leadset (see A.10.5.2) or by a more detailed fully integr
namic analysis procedure that uses a stochastic storm analysis (see A.10.5.3).

gives a list of some of the references used in an extreme storm response analysis. A com
n be to start with a relatively simple analysis and to increase the level of complexity if the sir
s the jack-up is unsuitable for the site.
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Table A.10.3-1 — Cross references for extreme storm responses

1:2016(E)

Topic Reference Comments and additional references
location
Metocean action| Table A.7.3-1 |A.7 discusses actions, but Table A.7.3-1 gives an overview of the calculation procedure
calculation and gives references to the required input data, methods of calculating actions, and
procedure action factors.
Structural model A.8 Table A.8.2-1 discusses the levels of detail in different structural models, and the
information that can be obtained from them.
A.8.3 to A.8.5 discuss modelling of the legs (including some simplified methods for
calculating equivalent leg stiffness properties), the hull, and the leg to hull ¢onnection,
respectively.
A.8.7 discusses mass modelling.
Action factors 8.8 Action factors are given for both the two-stage, and one-stage stochastic stgrm analysis.
Apqglication of A88 Wind and wave/current actions are determined throughcse-of A.7.3.
i
actipns A.8.8 discusses application of actions, including functional actions, hull sagging,
metocean actions, and inertial actions. Additionaldoad cases that should be|considered
when [Tn/Tp) > 0,9, are given in A.10.5.2.2.3.
Large A.8.8.6 Different modelling techniques are discusséd) including large displacement methods,
disglacement geometric stiffness methods and negativ€ springs.
effefts
Conjductor A.8.8.7 —
actipns
Darpping A104.3 Table A.10.4-1 gives recomimended explicit damping levels.
A.7.3.3.2 describes relative velocity hydrodynamic damping and Formula (A7.3-15)
gives the specific lintits for when relative velocity formulation may be used|
A.10.4.3.3 describes the hysteretic foundation damping that may be used i1} certain
cases.
Tw¢-stage A.10.5.2 In thismethod, a DAF is calculated and used to develop an inertial loadset that is
det¢rministic combined with the maximum quasi-static wave action. The DAF can be froth an SDOF
stofjm analysis analysis (A.10.5.2.2.2) or a random dynamic analysis (A.10.5.2.2.3).
Figure A.10.4-2 gives an overview of a two-stage approach incorporating fqundation
fixity, which is normally included in the analysis.
A.10.4.4.1.2 gives foundation modelling for a two-stage analysis.
SDQF analysis A10.5.2.2.2 This method is very simple and often used for a first pass assessment, but if has a

limited range of applicability and, while normally conservative, can undere
DAF.

Ktimate the
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Table A.10.3-1 (continued)

Topic

Reference
location

Comments and additional references

analysis

Random dynamic A.10.5.2.2.3

Commonly used to develop the dynamic response and then the DAF in a two-stage
analysis

Sets out the metocean and inertial loadset components of the basic load case that
should be assessed for all values of (Tn/Tp), and the extra load cases that should be

considered when (Tn/Tp) >0,9

Table A.7.3-3 gives specific recommendations on qualifying storm simulations.

A.6.4.2.3 gives information on wave spreading using either three-dimensionalanaly
or a kinematics reduction factor.

ISO 19901-1:2015, 8.4.4 and A.8.4.3, give information on the intrinsicand apparent
wave periods, and the methodology for modifying the wave spectrum.from intrinsig
apparent.

A.10.5.3.3 gives additional details on all random wave dynamic analyses, regardless
whether it is for a one-stage or two-stage assessment.

A.10.5.3.4 gives information on determining the MPME response, which is the result
the random analysis.

Table A.10.5-1 gives recommendations for calculating the MPME and on the storm
duration to use in the simulations.

D

—
2]

of

Stochastic s
analysis

form A.10.5.3

In this method, the MPMEs of the respanses of interest (e.g. member utilizations) ar
determined directly in a one-stage analysis, although multiple one-stage dynamic
analyses can be required (10.5.3),)DAFs are not specifically developed.

A.10.5.3.2 describes the deterniination and application of partial factors to the
metocean parameters, as required in 10.5.3.

Figure A.10.5-4 shows the analysis procedure for a one-stage stochastic storm analy
including foundation fixity.

A.10.5.3.4 describes the determination of MPME responses.

143

Leg inclinati

n A10.5.4

The effect.of leg inclination is included in the structural code checks, but not in the
global résponse analysis.

A.10.4 Common parameters

A104.1 G

The ULS reg
or by using

pneral

Clause 8 an

[ponse can‘be calculated either by using a quasi-static analysis procedure including an inertial loal
h more;detailed (random) dynamic analysis procedure.

dset

stiffness modelling at various levels of complexity. The actions are discussed in Clause 7 and A.7.

The magnitude of the dynamic response is affected by the following:

ural

a) the dynamic characteristics (natural periods) of the structural system formed by the jack-up on its
foundation;

b) the characteristics of the excitation. For metocean excitation at sites with high current, there can be
significant contributions from higher order harmonics in addition to those normally associated with
quadratic drag terms and free surface effects.

180

© 1SO 2016 - All rights reserved


https://standardsiso.com/api/?name=8527c9f5bb05f1c49fb3d22fe0c1b5c3

The

IS0 19905-1:2016(E)

factors that affect these two characteristics are discussed in A.10.4.2 to A.10.4.5

A.10.4.2 Natural periods and affecting factors

A.10.4.2.1 General

The natural period of the jack-up on its foundation in the fundamental (or first) mode of vibration is an important
indicator of the degree of dynamic response to be expected. The first and second vibrational modes are normally
the surge and sway modes. The natural periods of these vibrational modes are usually close together; which of the
two is the higher depends on which direction is less stiff. Where the natural or wave period varies with heading,

card

thir
pro

The
(glo

The

whae

ISO

for yise in analyses but is useful for demonstrating some of the factors that affect the natural period of

A.10.4.2.2 Stiffness

The
mod
peri
con

a)
b)

parIcular for headings where the legs and, hence, wave actions are not symmetric about the'direc

| vibrational mode is normally a torsional mode, the three-dimensional effects of which can b€
agation.

natural period is dictated by the characteristics of the structural system, which aféygoverned by
bal) structural stiffness, the mass and mass distribution, and the damping.

undamped natural period is determined from Formula (A.10.4-1):

T =2mnJ(M/K)

n

re

T, is the first natural period of surge or sway motion of,the jack-up;

M  is the effective system mass;
K s the effective system stiffness.

TR 19905-2 contains a manual methed for calculating the natural period. The method is not re

jack-up on its foundationyrepresents a multi degree-of-freedom system. If available, a finite eleme
el, containing the mass and stiffness properties of the jack-up should be used to obtain the var
ods and mode shapes. Structural modelling at various levels of complexity is discussed in A.8
ider stiffness eontributions from the following:

bending deformation of the legs;

sheardeformation of the legs;

nalysis. The
portant, in
ion of wave

the overall

(A.10.4-1)

rommended
jack-up.

Nt structural
ous natural
and should

f)

g)

axial deformation of the legs;

hull bending deformation;

horizontal vertical and rotational leg-to-hull connection stiffness;
horizontal, vertical and rotational foundation stiffness;

second order P-A due to lateral displacement of the hull;
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The model can contain a number of non-linear elements, notably the leg-to-hull connections and the spudcan-
foundation interfaces.

The system stiffness for the fundamental modes can be estimated from an idealized single degree-of-freedom

system as described in ISO/TR 19905-2. The method is not recommended for use in analyses but is useful for
demonstrating some of the factors that affect the natural period of a jack-up.

A.10.4.2.3 Mass

No guidance is offered.

A.10.4.2.4 | Variability in natural period

No guidancg is offered.
A.10.4.2.5 | Cancellation and reinforcement

A.10.4.2.5.1 General

If the legs of the jack-up were lumped together at one position, waves passing through would cause each 1dg to
have the safne applied force history and the base shear transfer function (base shéar versus wave period) wpuld
be a relativg¢ly smooth function. Assuming the leg kinematic parameters are-axisymmetric, this transfer fundtion
would be tHe same for all wave headings. As the legs are moved apart, at an instant in time the wave position
relative to epch leg is different for each wave period. Since each leg is at adifferent phase for each wave period| the
amplitude df the base shear transfer function at every period is bounded by the value with all legs together.
Essentially, [there is some force cancellation for almost all periods:(smaller amplitudes than all legs together).
Since the sppcing between the legs changes by approach directionydifferent wave headings also result in different
base shear transfer functions, even if the kinematic propertiesare still axisymmetric.

Figure A.104-1 shows cancellation and reinforcement,p€riods. It can be used for a first evaluation of the position
of the calcullated natural period(s) relative to the cancellation and reinforcement points in the global loading.
These can b characterized by the total horizontdlwave loading or by the overturning moment; cancellation|and
reinforcemgnt of points for these can occur at slightly different wave periods.

The assessof should aim to maximize the-everall jack-up responses and not just, for example, the DAF.

The DAF calfulated through the SDOF is independent of cancellation and reinforcement.

A.10.4.2.5.2 Quasi-static deterministic waves

Care should|be taken totavoid cancellation in the quasi-static deterministic wave actions. This is not normally an
issue; rarely is the extreme storm wave period close to a cancellation period, but if it is, a range of wave perjods
should be injvestigated (see A.6.4.2.9 and A.6.4.2.3).

A.10.4.2.5.3 Stochastic dyvnamic wave response

The natural period(s) used in the dynamic analysis should be selected such that a realistic but conservative value
of the dynamic response is obtained for the particular application envisaged. Care should be taken to ensure that
the response is maximized, not just the dynamic amplification, since it is possible to have a large DAF combined
with low metocean excitation, due to cancellation, leading to low combined response. When the DAF is
determined through a stochastic analysis, care should be taken to minimize cancellation (see also A.7.3.3.3.3) as
this can result in significant underestimation of the DAF. In a two-stage stochastic analysis, the DAF is determined
as the ratio of the responses of two models (see A.10.5.2.2.3): one that includes and one that excludes dynamic
effects. A significant percentage of the dynamic effect is due to excitation of the natural period of the jack-up by
that component of the wave trace having that same period. If there is cancellation at that period, there is little
excitation, so the calculated DAF is unrealistically small.
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Care should also be taken when there is significant current velocity as this can lead to slightly different
cancellation effects. When combining current with a cyclic Morison wave loading, the drag term causes a harmonic
excitation at half the wave period. This second harmonic can result in significant dynamic excitation, especially
when the current is large and the period of the second harmonic is the same as the natural period. If cancellation
of the second harmonic actions occurs, the DAF can be significantly underestimated.

In order to prevent cancellation resulting in potential underestimation of the DAF, the range of possible natural
period(s) should be bracketed and compared with the relevant cancellation points in the global wave loading and
the second harmonic of the wave period. When the natural period occurs at a cancellation point in the transfer
functions, the mass or stiffness should be adjusted in a logical manner to move the natural period away from the

cancellation point. This generally ensures that the dynamic response is maximized within reasonable |
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e loading (base shear) and overturning moment transfer functions for the case under consideratio

e analysis is for pinned spudcans with maximum hull mass, then the adjustment should be made
hull mass (within the normal range) and/or by introducing a degree of rotational fixity at the seab¢

e analysis is for a case with a degree of spudcan moment fixity, then the-adjustment can most
e by varying the degree of rotational fixity at the seabed.

rnatively, when the metocean data is omni-directional, the effects of wave spreading can be used t
‘ts of cancellation by carrying out the dynamic analysis for asitigle wave heading along an a

bositions and a single bow leg, suitable analysis headings:¢an be with the environment appro
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one-stage stochastic analysis, similar care shouldibe taken to avoid cancellation effects at both
od and at the predominant wave spectral energy:
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a) Sample of wave period in relation to wave force cancellation and reinforcement at all phase angles,

including diagrammatic arrangement of jack-up legs with wave length
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b) Horizontal action on jack-up versus wave frequency showing reinforcement and cancellation

Figure A.10.4-1 — Periods for wave force cancellation and reinforcement as a function of leg spacin,
(1'of 2)

U
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c) Diagrammatic arrangement of legs on 3-legged jack-up in beam seas that can result in complete

horizontal wave action cancellation at all wave phase angles
r L=

3 legged jack-up

4 legged jack-up

wave direction versus leg locations associated with wave action curve 5

wave direction versus leg locations associated with wave action curve 6

indicative curve of wave action on jack-up versus frequency due waves in directions 3
indicative curve of wave action on jack-up versus frequency due waves in diréctions 4
first reinforcement point

second reinforcement point

first cancellation point

second cancellation point

static wave action on jack-up
wave frequency
wave period

jack-up leg spacing

NOTE 1 Figure A.10.4-1 a) has been drawn forn effectively deepwater cases only. The reduced wave length in §
resufts in slightly longer wave periods producing first cancellation.

NOTE 2 On a 4-legged jack-up, it is possible to get complete cancellation of the horizontal actions at certain

(e

.Jin a wave of specific length that results in two legs at the wave crest and two at the wave trough, as showr]

Figufe A.10.4-1 a). It is not possible\to)get complete cancellation of the horizontal actions on a 3-legged jack-up

two
a Cr
can

egs parallel to the wave crest. There is partial cancellation in waves that result in one leg at a trough when t
dst, as shown by line 6 of Figure A.10.4-1 b), but there is not sufficient cancellation in any wave length to res
be possible to get complete cancellation on a 3-legged jack-up oriented with any two legs parallel to the dire]

progagation, as shown in-Figure A10.4-1 c), but it is not for precisely the wave periods given in Figure A.10.4-1 a).

a
b
c

d

A1l

A1l

First wave forcé cancellation over all wave phase angles; water depth > 50 m.
First wave for€e reinforcement over all wave phase angles; water depth > 30 m.
Second Wave force cancellation over all wave phase angles; water depth > 30 m.

Second'wave force reinforcement over all wave phase angles; water depth > 30 m.

hallow water

wave lengths
by line 'a’ in
briented with
vo legs are at
1t in line 5. It
ction of wave

Figure A.10.4-1 — Periods for wave force cancellation and reinforcement as a function of leg spacing

(20f2)
0.4.3 Damping

0.4.3.1 General

The main components of system damping are foundation, hydrodynamic and structural damping. Each of these
can be modelled either linearly or non-linearly and can be calculated as part of the analysis or input as a

per

centage of critical damping (see Table A.10.4-1).
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Structural damping is normally modelled linearly and input as a percentage of critical damping, however there are
non-linear components (e.g. gaps in guides, pinion backlash).

Hydrodynamic damping is mainly due to fluid-structure relative velocity effects (see A.7.3.3.2); alternatively, a
percentage of critical damping can be applied.

Foundation damping comprises three components: small strain material, hysteretic and radiation damping. The
small-strain soil material damping is typically small. At larger strains, amplitude-dependent hysteretic damping
can also occur. Where a non-linear foundation model is adopted for dynamic response analysis, the hysteretic
foundation damping and soil stiffness reduction are accounted for directly. Where linearized soil stiffness is used
in a time domain analysis, hysteretic damping should not be included.

A.10.4.3.2 | Linear system damping

Where the rhodel relies on damping defined as a percentage of critical, the total linear system damping should not
exceed 7 %|without credible, applicable justification. Lower values can be appropriate for fatigue analyses|and
lower sea stptes. Care should be taken to avoid the duplication of damping components when'explicit and implicit
representatjons are used simultaneously in the analyses. Table A.10.4-1 summarizes typical-upper bounds when
using percentages of critical damping.

Table A.10.4-1 — Recommended explicit damping from various sources

Damping source Global linear damping not to exceed
(% of critical damping)
Structure, holding system, etc. 2
Small strain foundation 22
Hydrodynamic 3or 0P

@ The smal|-strain soil material damping is typically small; in the absencé-of specific data, 2 % is considered to be a reasonable estimafe.

b In cases where the relative velocity formulation is used [@= I+in Formula (A.7.3-15)], the hydrodynamic damping is accounted for

directly and sjould not be included as a percentage of critical damping.

A.10.4.3.3 | Hysteretic damping

Foundation fhysteretic damping can, in-certain situations, increase the 2 % small-strain foundation damping gjven
in Table A.1D.4-1 and is discussed further in ISO/TR 19905-2.

A.10.4.3.4 | Vertical radiation damping in earthquake analysis

In earthquake analyses, thé foundation radiation damping from wave propagation can be included for vertical
motion of the spudcamin addition to other foundation damping. Radiation damping should not normally be fised
in extreme [storm erxfatigue jack-up assessments. Radiation damping effects are implicitly included when| the
dynamic fofindatien analysis is performed using a continuum finite element analysis with a model that|can

accurately dapture the effects of wave propagation in the foundation soils. Additional information on radigtion
damping is gt i =2 i i i tatt i be

estimated from the work of Lysmer and Richart (1966), as given in Formula (A.10.4-2):

C.q=R[0,85B%/(1- V]V(G,p) (A.10.4-2)
where
C.q 1sthe radiation damping coefficient of a dashpot (force per unit velocity);

R isareduction factor applied to avoid unconservatism, which should normally be taken as 0,5;
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B isthe equivalent spudcan diameter at uppermost part of bearing area in contact with the soil;

v is Poisson's ratio of the foundation soil;

is the shear modulus of the foundation soil [for clay, G, = G,

the maximum value of the shear modulus,

that occurs at small strain (see A.9.3.4.3); for sand, G, = G, the initial small-strain shear modulus (see

A9.3.4.4)];

p  isthe total, saturated, (mass) density of the foundation soil.

In lI:lon-llnear dynamic analyses, or In Ilinear time domain dynamic analyses using direct
Formula (A.10.4-2) can be used directly to establish the damping coefficients for the foundation dashp

In linear modal dynamic analyses, the additional contribution of vertical radiation dampingto .the ling
rati¢ for the vertical mode only can be calculated as given in Formula (A.10.4-3):

$q=R0,213N B o, V(0 /G,)
whdre
.4 is the radiation modal damping ratio to account for spudcan vertical motion;

Ns is the number of spudcans;

Wy

is the angular natural frequency of the vertical mode, expressed in radians per second.

NOTE 1 The suggested value of 0,5 for R is a reduction efi‘the amount of radiation damping and is comparab
used in other industries. The reduction is intended to.'aécount for the frequency dependence and spatial
straffification) in soil conditions below the spudcan.

NOTE 2 Formula (A.10.4-2) is obtained by combining the definition of the damping coefficient, C, with the dar
Formula (A.10.4-3) and the corresponding formula for stiffness given by Lysmer and Richart (1966).

NOTE 3 Radiation damping increases with increasing excitation frequency. Radiation damping levels fromn
excifation are expected to be less than+1 %, whereas for earthquake actions, radiation damping ratios can be 1
Radigtion damping values this lange ¢dn have significant effects on dynamic response.

A.10.4.4 Foundations
A.10.4.4.1 Foundations for extreme storm assessment

A.10.4.4.1.1 General

A.10.44.1 describes the analysis of the structure and the foundation evaluation which can be perfol

integration,
DtS.

bar damping

(A.10.4-3)

e with values
pariance (e.g.

nping ratio of

ocean wave
rge (>10 %).

med in two

dlff raRtazatzc:
CreewWway st

— option 1: deterministic two-stage approach;

— option 2: stochastic one-stage approach.
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A.10.4.4.1.2 Option 1 — Deterministic two-stage approach

Figure A.10.4-2 illustrates the procedure schematically.

In this approach, the dynamic response of the structure is evaluated based on either a simple linear analysis or a
more complex elasto-plastic analysis in order to determine an inertial loadset. The dynamic analysis can include
linearized springs. Typically, the initial linearized rotational stiffness for the dynamic analysis can be taken as
80 % of the value determined from A.9.3.4.1. This simplified approach does not capture the temporary reductions
in stiffness that occur during plasticity events (generally with detrimental effects), but also does not capture the
increased damping associated with these events (with beneficial effects).

The foundat
which the ¢
means of ei
described b
rotational s
between thd

This

a)

b)
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simple

Includg vertical, horizontal and (initial) rotational stiffnesses (using linear<springs, see A.9.3.4.1) in

analyti
associa

resulting forces Fy, Fy; and the moment Fy; on each spudcan.

Calcula|

the valyie is zero, the force combination falls on the yield surface; for values greater than zero, it is outs

and for

If a for¢e combination initially falls within the yield surface, the rotational stiffness should be further che

to satis

If the f

reduceql and the analysis should be repeated until the force combination at each spudcan lies essentiall
the yield surface. If at that point the mament is reduced to zero and the force combination is still outsidg
yield syrface, then a bearing failure(either vertical or horizontal) is indicated.

Additio
expands the yield interaction surface. See A.9.3.3.5 and A.9.3.3.6 for guidance on expansion of j

interac

ion and structural assessment is next performed using a quasi-static, iterative analysis techniqu

ynamic actions have already been determined. This quasi-static analysis can be accomplishe
her an elasto-plastic foundation model or by a simplified application of the full plasticity analys
elow. This simple approach is used to apply moments on the spudcan by inclusion of a\simple li
bring. The moments thus applied are limited to a capacity based on the yield interaétion relation
gross vertical force (Fy), the horizontal force (F};) and the moment (F);) acting oncthe’spudcan.

procedure is described in the following steps (see the right hand side of Figute A.10.4-2).

al model and apply the factored functional and factored metocean actions together with
fed and separately calculated inertial loadset from a linearized dynamic analysis, to determing

Le the value of the yield interaction function (see A.9.3.3),using the resulting forces on each spudc3

values smaller than zero, it is inside the yield surface.

[y the reduced stiffness conditions in A.9.3.:4:2)

rce combination initially falls outsidethe yield surface, the rotational stiffness should be arbitr

ion surface and A;9:3.6.6 for guidance on the displacement check.

for
by
s as
hear
hip

the
the
the

n. If
ide;

ked

hrily
y on
the

nal penetration due td a)bearing failure can result in increased foundation capacity, which, in furn,

ield
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Figure A.10.4-2 — Analysis procedure for two-stage assessment
with foundation fixity — Option 1
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A.10.4.4.1.3 Option 2 — Stochastic one-stage approach

Figure A.10.

5-4 illustrates the procedure schematically.

In this approach, the dynamic structural analysis and assessment is performed using one model. A fully detailed,
non-linear time domain analysis is performed taking into account the elasto-plastic behaviour of the foundation.

The effects of the foundation fixity on the dynamic response and on the foundation reactions are simultaneously
considered. This approach is more complete and often requires a complex incremental and iterative calculation
procedure. The following outline procedure can be used.

a) Usea time domain random dynamic analysis to determine structural response and foundation forces at

time st

)p_

b) Determline the foundation behaviour using a non-linear elasto-plastic model, such that at eachtime step

plastic
likely t

c) As the
analyse

proced

If, due to w4
response, th

A104.4.2

hnd elastic portions of the behaviour are captured. If desired, this model can include-hysteresis. Th
require an iterative procedure.

s should be performed for differing input wave histories, and the MPMEs determined fro
ire described in A.10.5.3.4.

ve force cancellation effects, small changes in foundation stiffness result in significant changes ir
e foundation stiffness should be selected with care to maximizé the response (see A.10.4.2).

Foundations for earthquake assessment

For the sim

le screening assessment, the foundation should be modelled with the maximum interpreted s

modulus frogm Clause 9, without degradation and with appropriate rate adjustments.

For more ddtailed assessments, a fully non-linear coupléd’yield interaction model or a continuum model shoul
used with degradation effects.

A.10.4.5 Storm excitation

Currents chfinge slowly compared with.the natural periods at which jack-ups oscillate and can be considered t
a steady phenomenon. Variations in wind velocity cover a wide range of periods, but the main wind energ

associated

ith periods that are.considerably longer than the natural periods of jack-up oscillations. There

dynamic response is influenced by the time history of the actions, a number of random dyng

bach

the
isis

mic
m a

the

near

d be

o be
y is
fore,

the wind cah generally also be.represented as a steady flow of air. The periods of waves typically lie between 3 s

and 20 s. Si
dynamic exd

Sea waves 4
This has inj
dynamic reg

ce natural periods’ of jack-up in typical applications fall within this range, the primary sourd
itation is fromi waves.

re not regular but random in nature, with a more predominant periodicity when a swell is pres
portantyimplications that should be considered for both the dynamic excitation and the resu
ponse.

e of

ent.
ting

A.10.5 Storm analysis

A.10.5.1 General

No guidance is offered.
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A.10.5.2 Two-stage deterministic storm analysis

A.10.5.2.1 General

In the first stage, an inertial loadset is determined from a dynamic amplification factor using either a single
degree-of-freedom analogy (K pap spor), see A.10.5.2.2, or a random wave time domain random dynamic analysis
(Kpar,ranpoM)> S€€ A.10.5.2.2.3. In the second stage, the maximum quasi-static wave/current action is determined
by stepping the maximum wave through the structure. The maximum wave/current action is then combined with
the inertial loadset to determine the responses. The maximum wave is defined in 6.4 and the methodology for

calculating the quasi-static wave/current actions is described in 7.3. Load cases and combinations are discussed in
8.8.

The|spudcan-foundation interface can be modelled as described in 9.3.1.
A.10.5.2.2 Dynamic amplification factors (DAFs) and inertial loadsets

A.10.5.2.2.1 General

Whe¢n using a deterministic analysis for calculating the jack-up's responses, the dynamic response is frepresented
by gquivalent inertial actions as described in A.8.8.5. The inertial loadset can be derived from the cldssical SDOF
analogy described in A.10.5.2.2.2, or from the more complex random ‘dynamic analysis method dliscussed in
A.1(.5.2.2.3; see Figure A.10.5-1. It should be recognized that dynamicamplification is the result of inqrtial actions
that] are dominated by the hull mass. Therefore, amplifying the hydrodynamic actions is not a correct physical
repfesentation.

NOTE The difference between the height of the applied wav&-actions and the height of the system centre of mass means
that[the global response (e.g. base shear, overturning moment, hull deflection) and local response (e.g. member fgrces, holding
syst¢m reactions, spudcan reactions) are not equally amplified'by the inertial actions.
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FBS

F BS, max
FBS min
-1,0
t
Fin = (Kpar,sogr — DIAgs(gstatic)
where A BS(O)sthtic’ the amplitude of BS(t) ., is equal to 0,5(BS ., — BS i)
a) SDOF
Y
1,5
2
1,0 ® n
7
0,5 — 1
~ A
-0,5 ‘y \i
-1,0 -
t
Kpar,ranDoM T RMPME,dynamic/ RyipmE statie
Fin= (K par,rqnpom = 1) Ftatic
b) Stochastic/random
Key
t time BS base shear
Y normdlizethstochastic response Fgs min minimum static base shear
1 static fesponse Fos e maximum static base shear
2 dynamic response Fi, magnitude of inertial loadset
3 mean of static response denamiC magnitude of total dynamic loadset
A RMPMEStatic stochastic response Fatic magnitude of total static loadset
= RMPME,dynamic stochastic response Rgg base shear response
Figure A.10.5-1 — Dynamic amplification factors
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A.10.5.2.2.2 The classical SDOF analogy (K ,r spor)

This representation assumes that the jack-up on its foundation can be modelled as an equivalent single degree-of-
freedom mass-spring-damper mechanism. The (highest) natural period of the jack-up's vibrational modes can be
determined as described in A.10.4.2. The torsional mode and corresponding three-dimensional effects cannot be

included in this representation.

The

SDOF method is fundamentally empirical because:

the wave/current action does not occur at the hull;

— [the excitation 1s non-periodic (random) and non-linear.

The|method described below generally leads to an approximation of the jack-up's real behavieur thHat has been

calibhrated against more rigorous methods. The following cautions are noted when using the SDOE 'metho(d.

a) |If the ratio of the jack-up natural period to the wave excitation period, 2 is in the\range 0,4 to[0,8 and the
current velocity is small relative to the wave particle velocities, the SDOF methed ¢an give reasonfable results,
subject to items b) to d) below.

b) |The SDOF method does not account for reinforcement, as discussed in"_A.10.4.2.4, and this cgn make the
method unconservative, particularly when 2> 0,5. When 2> 0,5, there can be significant ephergy in an
irregular sea at the jack-up natural period, and this is not accountéd for in the SDOF method because the DAF
is not affected by any periodicity other than the excitation at\0}9T},. This lack of excitation is|particularly
important when the jack-up natural period is close to a wave reinforcement point. In this case, fhe resonant
response, combined with reinforcement, can result in a significantly higher action than that caldulated from
the SDOF method. In the calculation of the natural perigd, a range in foundation fixity should be c¢nsidered as
this variability can shift the jack-up natural period\within the base shear transfer function, [resulting in
different dynamic amplifications.

c) |The SDOF method can be unconservative for-cases where the current velocity is large relative [to the wave
particle velocities. If the results of the assessment are close to the acceptance criteria, further detailed
analysis is recommended.

d) |The SDOF method can be unconservative and should not normally be used in an extreme storm|assessment
when Qis greater than 1,0, i.e. when T, > 0,9 Tp. However, the SDOF analogy may be used when tHe calculated
(is greater than 1,0 providing (2is taken as 1,0.

Whé¢n using the SDOF method, a minimum value of 1,2 should be taken as the DAF in an extfeme storm

assgssment, regardless.of the DAF calculated using the SDOF method.

NOTE The DAE)calculated in the SDOF analogy (Kpap spor) should not be directly compared to the DAF determined with

a stdchastic waye ‘assessment (Kpap panpowm)- Because the method of determining the relevant inertial loadset is|different, the

samg value of Ky4r spor @nd Kpar ranpom Produce different total global responses; see Figure A.10.5-1.

The|ratio’ of (the amplitudes of) dynamic to quasi-static response as a function of frequency (@) of period (7T)

steady state, periodicand simusoidat excitationr s tatcutated- by means of the chassicatdymamicamptification factor

(K parspor) as given in Formula (A.10.5-1):

1
Kparspor = ~ . > 1,20 (A.10.5-1)
Ja-2%? )
where
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<1,0;

T
he jack-up's natural period (T,,) divided by the wave excitation period (T,,); £2 = T_n
w

he damping ratio or fraction of critical damping, {< 0,07 (see A.10.4.3);

= O,9Tp;

account for current velocity; see A.7.3.3.5 and I1SO 19901-1:2015, A.8.4.3);

T,

n 1S

The dampi
hydrodyna

not exceed

The calcula

contribution} of dynamics over and above the quasi-static response as illustrated in Figure)A.10.5-1 a). The ine

loadset sho
direction of

irIg 0,07 is recommended.

he natural period as derived in A.10.4.2.1.

ng parameter, ¢, in this model represents the total of all damping contributionsf(struct
ic and soil damping). For the evaluation of extreme jack-up responses using the SDOF method, a v

ed K papspor from the SDOF analogy is used to estimate an inertial loadset, Which representg

1ld be determined as given in Formula (A.10.5-2) and applied at the hdll centre of gravity inl
wave propagation:

is the apparent peak wave period (modal or most probable period of the wave spectrum, corrected to

iral,
hlue

the

rtial

the

Fin = (Klpar,spor — 1) Fs, Amplitude (A.10.5-2)
where

Fi, is the magnitude of the inertial loadset;

FBS,Amplitude is the single amplitude of quasi-static base’shear over one wave cycle,

Fgs amplitude = [FBs,(qs)Max — FBs,(Qs)minl/ 2;

Fgs (gs)Max  1s the maximum quasi-static(wave/current base shear;

Fgs (qs)min  1s the minimum quasij-static wave/current base shear.
Formula (A.[L0.5-2) is part of a calibrated procedure and should not be altered. A more general inertial loadset

procedure, @ising the results fromrandom dynamic analysis, is described in A.10.5.2.2.3.

A.10.5.2.2.3

In the time
overturning

ratios of the

Inertial loadsetbased on random dynamic analysis (K pr ganpom)

Homain random dynamic analysis procedure, two DAFs are calculated, one for the BS and one for
moment{OTM). The inertial loadset, F,, is calculated from these DAFs. The BS and OTM DAFs arg

MPME of the dynamic BS/OTM to the MPME of the static BS/OTM (Rypmg,dynamic/ RMPME,static)

the
the

see
om-

Figure A.10.5-1b), determined from corresponding dynamic and gquasi-static time domain analyses for ran
wave excitation according to the recommendations of the stochastic storm analysis in A.10.5.3. The MPME is
defined in Table A.10.5-1.

Damping effects, including relative velocity effects, should not be included in the quasi-static (zero mass) analysis.

P-A effects should be included in both the quasi-static (zero mass) and the dynamic analyses. When P-A effects are
included using negative springs, the same springs should be used in both analyses, although when calculating the
BS DAF the shear force induced by the negative spring should be excluded. When the P-A effects are developed
from gravity actions, the effects of vertical gravity loads should be modelled in the zero-mass analysis, i.e. weight
is included even though there is no mass.
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The inertial loadset, F;,, normally should be such that it increases both the BS and OTM from the deterministic
quasi-static analysis by the same ratios as those determined between the random quasi-static (zero mass) analysis
and the random dynamic analysis. In such cases, the structural model (used for dynamic analysis) may be
simplified and it is not necessary that it contain all the structural details, but should nevertheless be a multi
degree-of-freedom model. See A.8.8.5 for guidance on applying an inertial loadset to the model that matches both

dynamic BS and OTM.

Caution should be exercised when the wave period approaches resonance and additional load cases should be
considered when (T,/ Tp) is greater than 0,9. These extra load cases account for the changing phase between the

forcing action and the inertial action as (Tn/Tp) approaches and exceeds 1,0 (see Figure A.10.5-3 and Note 1). The

basilc load case is the inertial loadset applied in phase with, and to increase the response to, the meto(
Formula (A.10.5-4). This load case is required for all ratios of (Tn/Tp). Three additiohal

Formulae (A.10.5-5 to A.10.5-7), should be considered when (Tn/Tp) is greater than 0,9. Four)sampl

are
as d

ove

NOT]
valu

anal
the i
T,/1
SDO

defin
T /T

The

A1(
basg

The

and

Ehown diagrammatically in Figure A.10.5-3. In each case, the inertial loadset should be applied to t
escribed with A.8.8.5, using the same directional pair of Kp,rpanpom Values caleulated for bas

turning moment.

E 1 Figure A.10.5-3 shows the phase between the forcing action and the inertiallaction for an SDOF syste
bs of Tn/Tp and represents the underlying reason the extra load cases should«b€ assessed in a two stage

ysis when Tn/Tp is greater than 0,9. As the value of Tn/Tp increases beyond 0,9'the phase between the exciti
nertial action changes from being approximately in phase for low values{of Tn/Tp, through being 90° out o
b= 1,0 to being approximately 180° out of phase when Tn/Tp is greatersthan 1,2. While Figure A.10.5-3 is

I system, a similar phasing analogy can be made in a random dyfantic analysis, albeit without the same ¢
ition. It is because the phasing is not so well defined in a random seastate that extra cases should be con
b is greater than 0,9.

total base shear and overturning moment is thetsame in the first three load cases. Formulae
.5-6) provide a match to the base shear but itisstill necessary to correct the overturning momg
shear and overturning moment can be different in the fourth case: Formula (A.10.5-7); see Notes

base shear inertial loadsets are calculated as given in Formula (A.10.5-3):

F.

in,PHASE(a) = K DAF,RANDOM F'sTATIC.™ FSTATIC,PHASE(2)

are applied in load cases as-given in Formulae (A.10.5-4) to (A.10.5-7):
[Ee + 7£p Del(0) = Fiwrnp+ Fstatic + 7 £p Fin pHAsE(0)

[Ee + 7£p Del9g) 5 Fwinn + 7 £p Fin pHASE(90)

[Ee + 7 pPel(180) = Fwinp + Fstaticup * 7£p Fin,prasE(180)

[Eect 7D Del (—180) = Fwinp + Fstatic = 7 £p Fin,pHASE(-180)

ean actions,
load cases,

e load cases

he structure
e shear and

I for varying
deterministic

hg action and
f phase when
drawn for an

egree of fine
tidered when

(A.10.5-4 to
nt. Both the
b and 6.

(A.10.5-3)

(A.10.5-4)
(A.10.5-5)
(A.10.5-6)

(A.10.5-7)

wh

I'c

is the combined metocean actions and inertial actions for use as (E,+
Formula (8.8-1);

[Ee T7¢D De](a)

(a)

V4 £D De) in

is a subscript representing the notional phasing of the four different load cases given in

Formulae (A.10.5-4 to A.10.5-7) in which (a) is (0), (90), (180), and (—180), respectively

(see Note 4);

FsraTic
values;

© ISO 2016 - All rights reserved

is the deterministic quasi-static wave/current loadset in the direction of the MPME

195


https://standardsiso.com/api/?name=8527c9f5bb05f1c49fb3d22fe0c1b5c3

ISO 19905-1:2016(E)

Fwinp is the wind loadset;

Fsratic,pHasE(a) is the deterministic quasi-static wave/current loadset for the relevant load case:
it is equal to Fgrpryc for the normal PHASE ) case when used to calculate
Fy PHASE(0) in Formula (A.10.5-4), which represents the normal case with inertia
down-wind and crest wave loading [see Figure A.10.5-2 a)];

when Tn/Tp >0,9:

it is equal to 0,0 for the PHASE 4, case when used to calculate Fj, pyasgqp) in
Formula (A.10.5-5), which represents the inertia only load case [see
Figure A.10.5-2 b)];
it is equal to Fgpaqicyp for the PHASE( gy case when msed to calcylate
F PHASE(180) in Formula (A.10.5-6), which represents the“case with ingrtia
down-wind and trough wave loading [see Figure A.10.5-2 c}];
it is equal to Fgpppjcyp for the PHASE( ;g0 (Case’ when used to calcylate
Fin prasg(-180) In Formula (A.10.5-7), which repfesents the case with inertig up-
wind and crest wave loading [see Figure A.10.5-2 d)];

Fsraticlup is the deterministic quasi-static wave/current. loadset in the up-wind direction|(i.e.
maximum upwind loadset, which is normally in the opposite direction to the wind
action).

Formulae (4.10.5-4) to (A.10.5-7) represent the metocean.afid’dynamic components, E, and D, in Formula (8.8-
1). The grayity components Gy and G, should also be included when developing the complete assessment Joad
case Fy in Fprmula (8.8-1). The response analysis should include P-A and hull sagging effects and the effects of leg
inclination ghould be taken into account (see 7.8)s

NOTE 2 If is relatively unusual to undertake.a jack-up assessment where Tn/Tp is greater than 1,0 but such situatior}s do
exist, e.g. in relatively benign conditions in deep.-water and with low spudcan fixity. Experience has shown that in some dases
the introductjon of additional spudcan fixity reduces the natural period to below the wave period and this action results Jn an
increased DAF.

NOTE 3 Hormula (A.10.5-3) is-a‘scalar formula. It is used to determine the magnitude of the inertial loadset, but hgs no
associated pdint of action or direetion. Formulae (A.10.5-4) to (A.10.5-7) are vector formulae in which, for example, the ingrtial
loadset is apyllied in the relevant-direction and at the relevant elevation above the seabed.

NOTE 4 The subscript/(a) is not the actual phase, but a notional, or indicative, phase taken from the SDOF analogy, sifnilar
to that given|in Figure A.10.5-3, (in the full knowledge that the assessment is using a multi-degree of freedom model| and
loading). For jexarnple, PHASE[O) is not necessarily at the wave crest. It is simply used to represent the phase when the ingrtial
loading is in{phase with the maximum down-wind wave/current action. Likewise PHASE 4, is used to represent the phase

when the wave/current action is zero. PHASE(lgo) is used to represent the case when the inertia and direct wave/current
actions are out of phase, with the inertial actions in the downwind direction and the wave/current actions, represented by the
wave trough actions, in the up-wind direction. PHASEHSO) is the reverse; the inertial actions are up-wind and the maximum
wave/current actions are down-wind.

NOTE 5

Formulae (A.10.5-4) to (A.10.5-6). In effect, the base shear and overturning moment are the same for all of the first three cases:
Formulae (A.10.5-4) to (A.10.5-6). This is because the load cases are designed to represent different interpretations of the
same results from the random time domain dynamic analysis. Consider the results of such an analysis: the procedure for
results interrogation should have been established to capture the maximum base shear and overturning moment. However, it
is possible that the relationship between these two values is not known (i.e. the maximum base shear can be occurring at a

The total vectored sum of the actions and moments that comprise (E,+y ¢p De)(a) should be the same in

196 © 1SO 2016 - All rights reserved


https://standardsiso.com/api/?name=8527c9f5bb05f1c49fb3d22fe0c1b5c3

IS0 19905-1:2016(E)

different part of the storm than the maximum overturning moment). It is, however, known that the values of both items are
maximized. MPMEs are then calculated by the method of choice, and Ky, ganpom Values are calculated for base shear and

overturning moment. These DAFs are well defined, but it is not necessarily known of what components they are comprised.
The intent of Formulae (A.10.5-4) to (A.10.5-6) is to present three different sets of actions that can result in the different
maxima base shear and overturning moments. Be aware that large correcting moments are likely to be necessary in
Formula (A.10.5-5), the inertia-only load case. In Formula (A.10.5-5), the point of application of the actions has effectively
moved from being predominantly close to the waterline (due to wave/current) with a relatively small inertial component at
the hull centre of gravity to having the predominant action applied at the hull centre of gravity. Given that the hull centre of
gravity is significantly higher than the point of application of the wave/current action and the requirement to have a consistent
base shear and overturning moment, the introduction of large correcting couples at the hull is likely to be necessary.

NOTE& As stated in Note 5. the base shear and overturning moments are the same in Formula (A.105-4) to A_10_5-6), o)
therg are unlikely to be significant differences in global jack-up response. The importance of the different loagl cases is the
location of the actions and the components that comprise them. This can result in different member loads and'strgsses.

NOTE 7 Formula (A.10.5-7) can have a different combined base shear and overturning moment than Formujae (A.10.5-4)
to (4.10.5-6). In Formula (A.10.5-7), the magnitude of y ¢ Fin,PHASE(—lSO) is identical, for both basé shear and overturning
monjent, to the value of y ¢ Fin‘PHASE[lBO) in Formula (A.10.5-6), but it is applied in the opposite direction. This case represents
the Wwave/current actions in the down-wind direction and the inertial actions in the up-wind direction. In mpst cases, the
maghitude of the vector (E,+ 7 ¢p De)(—180) is smaller than the magnitude of the equivalent vector in Formulae|(A.10.5-4) to

(A.10.5-6). It is, however, possible that the internal leg stresses can be higher due to changes in internal leg sheay and bending
monpents.
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d) Representation of
Formula (A.10.5-7)

a) Representation of b) Representation of c) Representation of
Formulp (A.10.5-4) Formula (A.10.5-5) Formula (A.10.5-6)
Key
1 direction of storm
2 wind action Fynp
3 wave action Fgparic
4 up-wind wave action at wave trough Foparic yp
5 inertial loadset Fin‘PHASE(O)
6 inertial loadset iy PHASE(90)
7 inertial loadset Fin‘PHASEUBO)
8 inertial loadset Fin,PHASE(—lBO) with-magnitude of base shear and overturning moment equal to Fin’PHASE(IBO] but
applied in the opposite direction
9 simplified representation-ef Wave/current action on jack-up
10 simplified representatien of inertial action on jack-up
11 line indicating relative phase of wave/current action and inertial action for (a) = (0)
12 line indicatingfelative phase of wave/current action and inertial action for (a) = (90)
13 line indicating relative phase of wave/current action and inertial action for (a) = (180)
14 line indicating relative phase of wave/current action and inertial action for (a) = (-180)
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Figure A.10.5-2 — Diagrammatic representation of the load cases given in

the lower curves showing the phase between wave/current action and inertial action
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ratio of the natural period, T, to the period of the forcing action, T;

phase angle in degrees between the forcing action and the inertial action

ire A.10.5-3 — Phase between the forcing action and the inertial action for an SDOF system
ratios of natural period to forcing period (T,/F;) and damping of 7 % of critical

A.10.5.3 Stochastic storm analysis

A.10.5.3.1 General

Ina
detd
dete
a on
MPN

Ina
detd
and
whe
hist

stochastic storm analysis the extreme response can be predicted by stochastic methods where th
rministic storm analysis, the MPMEs of the base shear and overturning moment are used to devel
E utilizations can be calculatéd;'see Figure 10.5-4.

1 stochastic analyses all-action factors are set to 1,0 (see 8.8.1.3). When the stochastic storm analy
rmine a DAF (the first stage of a two-stage analysis), the metocean actions are unfactored in both

n undertaking.a fully integrated one-stage dynamic stochastic storm analysis that directly resu

curijent velocity)‘are factored; see A.10.5.3.2.

The
iden

waves can be modelled using a random superposition model, which is fully described in A.7
tifies important constraints associated with this method of random wave dynamic analysis.

0 0,5 1 1,5 2 o

rmine the MPME of the responses of(interest using statistical methods (see A.10.5.3.4). In th

the quasi-static analySes; the appropriate metocean action factor, y;, is applied in the second stag

bry of structural and foundation utilizations, the metocean parameters (i.e. wind velocity, wave

for varying

b intent is to
e two-stage
p DAFs. For

e-stage stochastic storm analysis, the intent is to determine time histories of the utilizations from which the

isis used to
the dynamic
e. However,
ts in a time
height and

3.3.3.2, that
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A.10.5.3.2

When unde

the metocgan parameters. To ensure consistency betweén the one-stage stochastic and the two-s|

determinist
comparable

When using

The partial

be determinled as follows.

— Partial
with A.

— V1
— V1

— Partial
for use

Determine basic Develop factored metocean
metocean parameters input parameters
64) (A.10.5.3.2)
Develop elasto-plastic Run non-linear elasto-plastic random|
foundation response || dynamic time domain analysis for a
number of differing storm
(A-9.3.3.2)and (A.9.3.4.2) simulations (A.10.5.3)

Determine time-history of the
responses and perform

assessment checks
(foundations 13.9 and
structural Clauses 12 and 13)

Unit Yes Are MPMEs of Unit not
acceptable assessment checks acceptable
acceptable?

Figure A.10.5-4 — Analysis procedure for one-stage assessment
with foundation fixity — Option 2

Application of partial factors to metocean parameters
taking a one-stage fully integrated dynamic stochastic storm analysis, partial factors are applie

c approaches, the partial factors on metocean.parameters should produce metocean action leg
to the factored quasi-static metocean actions.used in the deterministic method.

factors on metocean parametersifor fully integrated one-stage dynamic stochastic storm analyses

factor on wind veloeity:“The wind velocity used when generating the applied actions in accord
/.3.4.1 should be factored by

,15 if 50 yearréturn period independent metocean extreme storm actions are used, or
25 if 100wear return period joint probability metocean data are used.

factors on wave height and current velocity: The partial factors for wave height and current velg

d to
tage
vels

dynamic stochastic storm analyses to(determine a DAF for application in a two-stage determinjistic
analysis, thq partial factors should be set to unity.

can

Aince

city

T thre Stochasticamatysisare determined through am iterative process: The processimvolves fact

ring

the wave height and current velocity until the metocean parameter-factored quasi-static stochastic
wave/current action matches the action-factored quasi-static deterministic wave/current action computed
using higher-order wave theory (see note below). The effects of wave spreading (see A.6.4.2.8) should be
consistently included or consistently excluded in the stochastic and deterministic calculations used in the
calibration. As a first approximation, the same partial factors can be used as given above for wind velocity.
Some adjustment can be necessary to achieve a good or conservative match between the following two pairs

of actio

n values:

— the stochastic MPME and the deterministic maximum, and
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a full wave

The match of MPME/maximum and mean actions is necessary to capture the cyclic behaviour. The adjustment
generally results in different partial factors for the wave height and current velocity.

The wave period used in the stochastic analysis should be modified to maintain the same wave steepness as that
of the unfactored sea state.

NOT

E For the two-stage approach, the reference level for the wave and current actions is the quasi-static

deterministic

action. This reference level action is then modified through a DAF and the action factor to arrive at the final factored action.

The

fully]
stoc
stoc
from
integ

mportant point is that the final action is founded on the quasi-static wave/current deterministic action..Co
integrated single stage analysis, there is no simple equivalent reference. It is, therefore, necessary. to
hastic equivalent to the factored deterministic quasi-static wave-current action. This is achieved\by c3
hastic actions over three hours until partial metocean factors are found that match the MPME andmean actioj
the action-factored quasi-static deterministic analysis. These partial metocean factors can, then, be use
rated stochastic dynamic analysis.

A.10.5.3.3 Random wave dynamic analysis method

Tim|
sea

nect
MPN

Way
kine
gen

e domain simulations require that a suitable random sea state is generated, that the validity of th
state is checked, and that the time step for the solution of the formulae-of motion is sufficiently sm
ssary to ensure that the duration of the simulation(s) is sufficientfor the method being used to dg
E. Specific recommendations are given in Tables A.7.3-3 and A.10,5-1.

e spreading may be taken into account, either by using a three-dimensional analysis method or
matics reduction factor in a two-dimensional analysis" (see A.6.4.2.3). Accounting for wav
brally results in a smaller DAF.

A.10.5.3.4 Methods for determining the MPME

The

extreme response that should be checked in the assessment is the MPME response which has a §

of exceedance in a three-hour storm. This_ MPME response is defined in Table A.10.5-1 as the mg

high
sup

Fou
take

critil
rele

est point on the probability density function (PDF). The stochastic waves modelled using
brposition model result in non-Gaussian responses.

- methods for obtaining the- MPME of the response are included in Table A.10.5-1. Considerable ca
n when Tn/Tp is greater than 0,8 and the use of any method to determine the MPME respons

cally assessed. When Tn/Tp> 0,8 other Tn/Tp ratios should be considered. The intent is to m
vant responses (sée’A.10.4.2), but while not being unnecessarily conservative. This can be done by

assessmentiefother wave height and period combinations (see A.6.4.2.9); or

including or changing the level of spudcan fixity.

For

nversely, in a
determine a
lculating the
ns with those
1 in the fully

e generated
all. It is also
termine the

by using the
b spreading

3 % chance
de value or
a random

e should be
e should be

aximize the

the two-stage random dynamic analysis procedure the ratio of MPMEs of the dynamic to the qu

hsi-static BS

and OTM are used to determine the DAFs that are used to calculate the inertial loadset (see A.10.5.2.2.3).
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Table A.10.5-1 — Recommendations for determining MPME

Method Recommendations

General

The MPME is defined as the extreme with a 63 % chance of exceedance (typically this is the mod
highest point on the PDF). This is approximately equivalent to the 1/1000 highest peak level
three-hour storm and the extreme with approximately a 63 % chance of exceedance.

eor
in a

Determination of the
MPME from time
domain simulations

60 min, see Table A.7.3-3). See C2.1.

Fit a Weibull distribution to the distribution of response maxima and determine the maximum value
for the probability level of one exceedance in 3 hours. Take results as the average of MPMEs from at
least 5 simulations. Each input wave simulation should be of sufficient length (usually more than

UI

Use multiple three-hour simulations and fit a Gumbel distribution to the absolute maximum-ffom
each simulation. Sufficient simulations (usually 10 or more) should be used to obtain stable MPME
response values. See C2.2.
or
Use Winterstein's Hermite polynomial model; when the kurtosis is >5 use)the improvements
proposed by Jensen. Simulations of sufficient duration to provide stable skéwness and kurtosis of
responses (normally in excess of several hours). See C2.3.
or
Use the drag-inertia method with appropriate scaling based on period ratio, to determine the DAFs
for use in a two-stage deterministic storm analysis. Simuldtions of sufficient duration to obgain
stable standard deviation of responses are required (usuallyy more than 60 min). See C.2.4.
NOTESee C.2.
A.10.5.4 Initial leg Inclination
The effects pf initial leg inclination should be considered. Lleg inclination can occur due to leg-to-hull clearahces
and hull inc]ination. Generally, hull inclination limits are'set in the operations manual. The total horizontal offset
due to leg irlclination, Or, can be estimated as given inFormula (A.10.5-8):
where
Op is the total horizontal offsgtof the leg base with respect to the hull;
01 1is the offset due to Jeg-to-hull clearances;
0, is the offset due’to maximum hull inclination permitted by the operating manual.
If detailed information is not available, Ot should be taken as 0,5 % of the leg length below the lower guide.
[t is necessary to account for the efiects of leg Inclination only In structural strength checks. This can be

accomplished by increasing the effective moment in the leg at the lower guide by an amount equal to the offset Oy

times the factored vertical reaction at the leg base due to fixed, variable, environmental, inertial and P-A actions.

A.10.5.5 Limit state checks

The ULS responses for assessment should be determined using appropriate combinations of actions due to fixed
and variable load, wave/current actions and wind actions as required by the acceptance criteria in Clause 13. The
application of actions is described in 8.8; 5.4.3 requires that the analysis be carried out for a range of headings
with respect to the jack-up such that the most onerous force(s) for each item listed in Table A.10.5-2 is(are)

determined.

202

The relevant ULS response parameters (action effects) are indicated in Table A.10.5-2.
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Action effect

Limit state check Clause/Sucblause Response parameters(s)? G GP E, D,
min | max
Strength of members 12,13.3 Member force vectors® Y yd Y Y Y
Spudcan strength 13.4 Forces on the spudcan Y Y Y
Holding system 13.5 Holding system force vectors Y yd Y Y Y
Overturning moment Y Y
Overturning stability 13.8
Stabilizing moment Yé yde
Foulndation capacity: 13.9,9.3.6
— | preload A9.3.6.2 Vertical leg reaction Y Y Y Y
— | sliding
— pinned ﬁgggigr Vertical and horizontal leg reactions Y Y Y Y
— with moment|A.9.3.6.5 Vertical, horizontal . v v v v
fixity (A.9.6.3.4.2) (and moment) leg reactions
— | bearing
— pinned A9.3.6.4.1 Vertical and horizontalleg reactions Y Y Y Y
N ;/ivxiitt};moment A9.3.65 ‘(/:rﬁii(r:ra:i;r}rllce);itz)olr;ga}"eactions Y Y Y Y
— | displacement A9.3.6.6 Spudf:an displacements and v v vt v v
reactions
G 5 actions due to the fixed load positioned such.as to adequately represent the vertical and horizontal distributjon

Gy 7 actions due to maximum or minimum variable load, as appropriate, positioned at the most onerous centfre of gravity

locdtion applicable to the configurations under consideration

E_. g metocean action due to the extreme storm event

D_ 3 equivalent set of inertial@ctions representing dynamic extreme storm effects

2@ |In all instances the (tesponses are assessed including the effects of deformation under functional actions (hull s

dispjacement (P-A) effects:
b

Placed at most.onerous centre of gravity position.

¢ | The effects‘of leg inclination to be included, which may be added after global response analysis (see A.10.5.4).

d

Consider.minimum variable load if this is more onerous.

Fized'and variable load are included in response calculation so that P-A effects are captured.

pg) and large

AS dPPTopridate 10T tIE CaS€ UITUET CONISTUETaUOIT TIaXTITTUIT 10T DEATTIE 41T IIIIIITTUTIT TOT™ SITATIE.
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A.10.6 Fatigue analysis

For jack-up operations of relatively long duration, see Clause 11.

A.10.7 Ear

thquake analysis

A.10.7.1 General

The provisions in A.10.7 complement ISO 19901-2 by presenting special aspects of an earthquake assessment
procedure for jack-ups. The general procedures in Clauses 6 to 10 with the associated guidance in Annex A remain

valid where
10.3.

The greateg

excitations th

In situation
should be ey

NOTE V
and drilling r

A.10.7.2 Earthquake assessment procedure

ISO 19901-7
evaluation
seismic risk
located and

t structural threat to a jack-up subjected to an earthquake is likely to be associated\with ver

appropriate; more specific reference to earthquake situations 1s provided 1n 6.6, 7.7, 8.6.3, 6.8, 9.4

atresult in uneven settlement of the spudcans, which can cause lateral instability of¢hé jack-up.

where the jack-up is working over a platform, the relative motions between thé platform and jac
raluated. The relative motions can affect the conductor and should be considered:

Vhen the potential for earthquake raises occupational safety concerns (e.g. setback, cantilever and substru
g clamping, drilling equipment), risk assessment can be performed to determine mitigation measures.

gives alternative procedures for determining earthquakejactions and alternative methods for
f earthquake activity. The selection of the procedure @nd the method of evaluation depend on
category (SRC). The SRC depends on the exposure level and seismic zone in which the jack-up is t
is given in ISO 19901-2. The effects of near-source.excitation should be considered (see A.10.7.5).

and

bical

ture

the
the
o be

iled
DI a

K-up
cific
rear
the

The simplified ELE screening methodology is given below,and steps a) and b) are summarized in Table A.10.7-

a) Deterrrlline earthquake actions using either. the simplified earthquake action procedure or the detd
earthquake action procedure specified in SO 19901-2 to develop spectral response accelerations f
bedrock base. Use of the simplified procedure (maps) for the initial screening of jack-ups is encouraged.

b) Evaluafle earthquake activity and the.associated response acceleration spectra for the assessment of a jac
against| excitation of its base by“ground motions using either ISO maps, regional maps or a site-spe
earthquake hazard analysisyas-specified in ISO 19901-2. Since ISO map accelerations are for a 1 000
return period on rock, adjust'the spectral shape for the 1 000 year event as described in ISO 19901-2 af
spudcah depth as a function of site soil characteristics.

c) Perform response-spectrum analysis in accordance with A.10.7.3.

d) Evaluafe the performance of the jack-up using the ULS assessment procedures provided in Clause 13.

e) If the jaek-up-doesrnotpass-the-simplified-procedureproceed-to-amore-detailed-assessmen
with A.10.7.4 using alternative analysis methods (10.9) and the ISO 19901-2 ALE procedures.
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Table A.10.7-1 — Simplified procedure to develop 1 000 year ELE screening spectra

using ISO 19901-2

Item Source in ISO 19901-2
1 000 year accelerations - determine Sa,map Annex B or site-specific
Determine the site seismic zone 6.4a
Simplified seismic action procedure Clause 7
Determine soil site class 7.1a and Table 5
Speftral parameters C, and C, 7.1b and Tables 6 and 7
Develop horizontal spectrum 7.1c and Figure 2
Develop vertical spectrum 7.1d
Selgct damping 7.1e - use 5 % unless an alternate\value justified
Seigmic action procedure 72,Nyp=1landC._,

A.10.7.3 ELE assessment

A.10.7.3.1 Partial action factors

The
defi
detd

NOT]
site-

Spu
opp

Epecific analysis.

can sliding should be considered for the;minimum vertical reaction (uplift case) when the earthq
bse the weight.

A.10.7.3.2 Structural and foundation modelling

The

mass used in the dynamic analysis should consist of the mass of the structure associated with

the fixed load Gy,

the best estimate of the variable actions; in lieu of specific data, 75 % of the maximum variable lo
used,

the mass of entrapped water, and

foundation, leg members and leg-to-hull connection should'be assessed for the factored assessthent actions
hed in 8.8.1 for earthquake situations. The inertial adtion induced by the ELE ground motions should be
rmined using dynamic analysis procedures such as response spectrum analysis or time history analyfsis.

E Reference can be made to Annex B, which contains all of the applicable partial action and resistancg factors for a

1lake actions

hd Gy, can be

the added mass.

The added mass can be estimated as the mass of the displaced water for motion transverse to the longitudinal axis of
individual structural members and appurtenances (A.7.3.2). For motions along the longitudinal axis of the structural
members and appurtenances, the added mass may be neglected (except for spudcans).

The structural model should include the three-dimensional distribution of the stiffness and mass of the structure.

Asymmetry in the distribution of the stiffness and mass of the jack-up can lead to significant torsion and should be
considered in the assessment. The jack-up model should represent the operational configuration but the effects of
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the drill string can be ignored. Where the jack-up is supporting more than one conductor, their mass, added mass
and stiffness should be considered in the model.

In computing the dynamic characteristics of the jack-up, a modal damping ratio of up to 5 % of critical may be
used in constructing spectra for the ELE event. In addition, for the primary vertical mode, radiation damping
according to A.10.4.3.4 can be included in the vertical response spectra definition. Additional damping, including
hydrodynamic or soil induced damping (hysteretic and radiation), should be substantiated by special studies. Soil
springs derived from small strain initial stiffnesses should be used to determine the natural periods.

The minimum soils 1nformat10n should be obtamed in accordance with A.6.5, but to a depth of 2 diameters below

shear stren
considerati

Foundation

th data. Depth to bedrock or a competent soil layer is required, and can be estimated from regi
ns.

performance should be determined on the basis of studies that consider the assessment act

ded
bnal

ons.

Except for the simplified screening analysis, the non-linear stiffness and capacity of the foundation should be

addressed i
linear dyna

a manner compatible with Clause 9. If uplift or sliding is indicated from the screening analysis,
mic time history or pushover analyses can be used to evaluate cumulative displacements and

resulting stifuctural condition.

Vertical act|
foundations|
excessive ad

ons on the foundations should not normally exceed the preload. {f ‘the vertical actions on
exceed the preload and the ULS Step 3 displacement check (see A.9.3.6.6) reveals the potentia
ditional penetration, non-linear dynamic time history analyses with cyclic degradation can be use

non-
the

the
for
dto

evaluate cumnulative displacements and the resulting structural conditionge.g”encroachment on an adjacent fixed

platform.

A10.7.4 A

For jack-up
assessment
time history

Where subs|
using best a

A.10.7.5 N

If operating
ground mot
effects and
including p
vertical mot

A.10.8 Acq

LE assessment

that do not satisfy the ULS criteria for the ELEcscreening assessment, a site-specific non-linear
can be used to try and demonstrate acceptability. This can be satisfied by a pushover analysis o
analyses using ALE excitation.

tantial spudcan settlement or liquefaction is a possibility, a fully non-linear cyclic degrading ana
yailable soils modelling technology is-tecommended.

par-source excitation

close to an active fault (typically within about 15 km), it can be necessary to consider near-so
jons. At these nearssource distances, the ground motions can exhibit substantial rupture direct
directionality, with/ motion characteristics often considerably in excess of normal design va
brmanent offsetsy’larger amplitude ground motions at relatively longer periods (e.g. T>15s),
ions equal.to/or greater than horizontal motions at shorter periods (e.g. T<0,3 s).

idental situations

ALE
r by

ysis

irce
vity
ues,
and

No guidancetsoffered:

A.10.9 Alternative analysis methods

A.10.9.1 Ultimate strength analysis

No guidance is offered.
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A.10.9.2 Types of analysis

When using the provisions of ISO 19902:2007, 7.10 (reserve strength analysis), care should be taken in modelling
non-linear behaviour of chords and holding system of a jack-up structure.

A.11 Long-term applications

A.11.1 Applicability

No guidance is offered.
A.1]1.2 Assessment data

A.11.2.1 Jack-up data

A ligt of relevant modifications should be compiled including information abeut weights, wind areas and
appprtenances added or removed that affect mass, applied actions and structural integrity.

For p long-term application, such modifications can typically include:

— |increased weight and wind area from such items as productiondnodules, risers, flare towers, accgmmodation
blocks, and conductors;

— |increased wave and current actions due to risers, conductors or other structures exposed to waveg.
A.11.2.2 Metocean data

The|data required for a fatigue analysis should include long-term wave data in the form of a wave scafter diagram
or aftable of representative seastates, refer to A:64.2.10.

Joinf probability and/or directional metocean data can be used to optimize the ULS and FLS assessinent for the
long-term application.

A.11.2.3 Geotechnical data
Effefts of seabed scour,differential settlement, consolidation settlement, expected reservoir subsidence, sand

wavles, etc. can be of greater significance for long-term applications. For this reason, the site-specific geotechnical
datd should include¢hginformation necessary to evaluate these phenomena.

A.11.2.4 Other'data

Further<data associated with the long-term application can be required. Examples include the possible effect on
geofle€hmical properties due to top-hole construction activities, marine growth, effects from adjacent structyres, etc.

A.11.3 Special requirements
A.11.3.1 Fatigue assessment

A.11.3.1.1 Historical damage

The assessment should take into account the fatigue history of critical details prior to installation on the planned site
and focus on details of member connections that are essential to the overall structural integrity of the jack-up. In
order to assess existing fatigue damage, specific information relevant to prior installations is required. The
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availability of the information depends on the information collected and retained by the jack-up owner over the life
of the jack-up. The quality of the database affects the historical results. The historical data can have a large variability,
requiring the assessor to make assumptions in the historical fatigue assessment. The assessment can include detailed
fatigue analysis of the historical data and/or evaluation of inspection records. Parameters identified as important in
addressing the historical aspects of jack-up fatigue are as follows:

— geographic region (e.g. Gulf of Mexico, North Sea, Eastern Canada) and, where available, the co-ordinates of the
previous sites so that metocean parameters can be developed for use in historical analysis;

— hull elevation and orientation;

— waterd
— penetrs

— soil typ,

A11.3.1.2

epth;
tion;

e and characteristics.

Fatigue sensitive areas

Areas that a:[le susceptible to fatigue damage include:

— legme

— leg-to-}

bers and joints in the vicinity of the upper and lower guides for the operating leg/guide location;

ull holding system;

— leg me:[:bers and joints adjacent to the waterline;

— legme
— spudca

Normally, it
term cyclic
fatigue sens

A.11.3.1.3
Special cong
— Inclusi

Areas i
the sty
Alterna
ranges
ABS 11

bers and joints in the lower part of the leg near the spudcan; and

h-to-leg connection.
is not necessary that the fatigue assessmentinclude consideration of the hull structure since the |

loading is similar to that experienced.in multiple short-term operations. Generally the hull is
tive.

Special considerations for fatigue assessment
iderations in the fatigue agsessment are listed below.
n of detailed models‘to arrive at local stress levels:

1 the structure-with high stress levels can be identified using models developed for global analysis
ess rangesidetermined using appropriate stress concentration factors (SCFs) from literaf

[suitablé “methodologies are given in DNV-0S-C104 (2007), DNV-RP-C203 (2008), ABS 115 (20(
b (2008b), API RP 2A-LRFD (1993), HSE (2001) and HSE (1999)].

bng-
not

and
ure.

tively, more ‘detailed fine-mesh finite element models can be used to determine the hotspot stiress

3a),

— Effect of foundation stiffness (seabed fixity):

The stiffnesses of the foundations are a function of the soil properties, the strain amplitudes and loading
history (see A.9.3.4). As a consequence, the foundation modelling should consider upper and lower bound
stiffnesses (see A.9.3.4.3 for clay and A.9.3.4.4 for sand). Typically, the fatigue assessment of the spudcan and
lower part of the leg requires the use of upper bound stiffness, while the fatigue assessment for the upper leg
and the leg-to-hull interface requires lower bound stiffness. Although the foundation stiffness varies as a
function of the reactions beneath the spudcan, the variation is unlikely to be of significance except, possibly,
for low-cycle fatigue.

— Inclusion of non-linearities and dynamics:
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The structural response of a jack-up is such that pure linear techniques can be inadequate. Therefore, the
analysis should include the non-linear effects of the structure. These can include

hydrodynamic actions,
large displacement effects (see 8.8.6),

dynamic amplification (see 10.5.2, 10.5.3),

leg-to-hull interface, e.g. ensuring that those structures that transfer force in compression contact only

are nronerlzmaodelled
r r J

A.11.3.1.4 Fatigue analysis methodology

A rgbust analysis method should be used to determine the fatigue damage. The method.should dgtermine the
resgonse of the jack-up structure to various sea states representing the operational (€nvironment. [The jack-up
shotild be considered in the operational configuration, which includes the levels ofjvariable load, hyill elevation
and|cantilever position.

Waye spreading and directionality effects can be included.

Foupdation stiffnesses are generally assumed to be linear in smaller s€a states. A check of non-linearify should be
performed to validate this assumption for higher sea states.

For jguidance on suitable fatigue analysis methodology, S-N curves and SCFs the assessor is referred o one of the
intepral methods outlined in Table A.11.3-1. These should, be used taking account of the specific structural
chatacteristics of the jack-up as described above.

Fo

—

two|standard deviations of log(N).

Table A.11.3-1 — Souircés of guidance on fatigue analysis methodology

fatigue analysis the partial action factor should bé/reduced to unity when using S-N curves at the jmean minus

Oxganization Document Reference
DNY Methods are given in' DNV-0S-C104 JNV-0S-C104
2007
Technical guidance on fatigue calculations, e.g. calculation methods, SN-curves, SCFs are (2007)
given in DNV-RP-C203 Fatigue Design of Offshore Steel Structures DNV-RP-C203
(2008)
ABS Methods are given in the Guide for the Fatigue Assessment of Offshore Structures (April ABS 115
2003) (2003a)
Commentary on the Guide for the Fatigue Assessment of Offshore Structures
(April 2003) ABS 115
(2003b)
API Methods are given in API RP2A-LRFD-1993 PIRP 2A-
LRFD (1993)
UK HSE Guidance is given in OTO 2001/015 and OTH92 390 HSE (2001)
HSE (1999)
ISO Methods are given in ISO 19902 —
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A.11.3.1.5 Fatigue acceptance criteria

The fatigue analysis should determine the fatigue damage in the period before, as well as during the long-term
application of the jack-up. The margin of safety of a structural detail depends on its accessibility for inspection and
the availability of one or more alternative load paths (redundancy) after failure of the detail investigated. The
acceptance criterion for fatigue strength is as given in Formula (A.11.3-1):

frp,ePeet frpsPes < 1,0 (A.11.3-1)
where

D.. isthe calculated existing fatigue damage prior to arriving at the site;

D.s isthe calculated fatigue damage during planned operations on site;

frp,e I the fatigue damage design factor applicable to D ; generally, fpp o = fpp s butfpp . should not be
laken larger than 2 if the detail has been inspected thoroughly before the long-term application;

frp,s I the fatigue damage design factor applicable to D g; see Table A.11.3-2 or’A;11.3-3.

”

Table A.11.3-2 — Fatigue damage design factor fgp ¢

No access for inspection,

Fatigue damage design factor, f5p ¢

Full access for inspection

Access forinspection, no

no repair during

and repair repair‘during operation operation
Full redundgqncy/minor consequence 2 3 5
No redundaincy/major consequence 3 5 10

The values in Table A.11.3-3 give more detailed guidance for structures that are fully redundant, i.e. the strud
does not hgve single members or member connections that, when damaged, can cause a failure with m

consequencg. This is typical of RCS approved jack-ups with braced legs.

Table A.11.3-3 — Fatigue damage design factor f;, ;. — Redundant structure

ture
ajor

Description

(aspumes there is structuralredundancy for every member and member connection)

Fatigue dama
design factoy

ge

fFD,s
Primary hull structure 1
Can inspectfand | Hull stxtcture Leg-to-hull interface structure with access for 2
repair inspection and repair
Leg structure in air Leg chords, brace to chord joints, brace joints 2
Leg structure in splash Leg chords, brace to chord joints, brace joints
zone °
Can inspect but - .
P! Leg chords, brace to chord joints, brace joints, leg to
not repair Leg structure under water - 3
spudcan connection
Spudcan Structure with access for inspection and repair 3
Leg-to-hull interface structure without access for
Hull structure . . : 5
inspection and repair
nnot in . L
Cannot . spect Leg structure under sea Leg chords, brace to chord joints, brace joints, leg to
or repair . 5
floor spudcan connection
Spudcan Structure without access for inspection and repair 5
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If necessary, fatigue life enhancement methods such as weld profiling, weld toe grinding and peening may be used,
subject to RCS approval. Peening should only be used for improving fatigue lives after appropriate inspection.

A.11.3.2 Weight control

A weight control procedure should be prepared by the party responsible for operating and maintaining the jack-
up during the long-term application. The procedure should be used to track the changes in weights and to ensure
ongoing compliance with the assumptions used in the assessment.

The weight control procedure should be sufficient to satisfy the RCS requirements in lieu of the periodic dead

weightsurvey-This-shouldinclude-wet-weightswhereapplicable—78M — M

A.11.3.3 Corrosion protection

No guidance is offered.

A.11.3.4 Marine growth

Marjine growth should be taken into account in the site-specific assessment. Fhe-assessment can be for either the
groywth specified for the application period or for a pre-determined limit. In either case, the actual growth should
be monitored and, when necessary, removed to ensure compliance with tiie assessment assumptions.

A.11.3.5 Foundations

Settlements can occur (see 11.3.5 and A.11.2.3), resulting in the'loss of air gap or the hull being out-pf level. The
congequences of resolving these should be considered inthé assessment, e.g. the effect of guide pogition on the
fatigue or strength analyses, changes in conductor support;etc.

Congpolidation of the soil through dissipation of.pore pressures during the long-term operation cpn result in
champges in foundation strength and stiffness,, This affects the redistribution of leg moments and fhanges the
dynpmic response. The effects on fatigue lifetand strength should be considered, especially at the leg to spudcan
conpection.

In cpnditions where scour can occum,scour protection can be required.

A.1]1.4 Survey requirements
A.11.4.1 Pre-deployment inspection plan

The|RCS special sunvey requirements prior to a long-term application can be more extensive than thos¢ of a typical
spedial survey. Therefore, it is advisable to plan the surveys prior to mobilisation to a shipyard for modifjcations. The
inspection plan should specify the locations and types of inspection, taking into account the areas that the[assessor has
identified .as. being critically stressed during the extreme storm or being fatigue sensitive during tlle long-term
application: Areas that are not accessible, or are difficult to access for in-service inspection, should be subject to more
detJiled pre-deployment inspection and should be specially evaluated (see A.11.3.1).

A.11.4.2 Project specific in-service inspection programme
The project specific in-service inspection programme (PSIIP) should be developed by modifying and updating the
existing in-service inspection programme normally required by the RCS. The PSIIP should reflect the

requirements for the planned long-term application.

NOTE The PSIIP is likely to be subject to direction and approval by the RCS.

Areas that require special inspection procedures, such as underwater parts, should have documented inspection
procedures, giving due consideration to the most suitable and practical methods.
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The results of the in-service inspections should be reviewed and, if appropriate, the PSIIP modified to reflect the
results of this review. This information can be relevant to ensure the ongoing validity of the PSIIP and for
extending the jack-up's time on site beyond that originally planned.

A.11.4.3 Alternative project specific in-service inspection programme (PSIIP)

An alternative can be derived using a probabilistic approach. The safety philosophy behind the alternative PSIIP
should be in accordance with the RCS's safety philosophy and the structural reliability level inherent in the RCS
rules should be maintained. The approach developed should be documented.

When using a probabilistic approach, it should be recognized that uncertainties are associated with prediction of

the fatigue performance and the inspection techniques applied. Key uncertainties should be accounted forin

probabilisti

C analysis.

A.12 Structural strength

A12.1 Ap
A1211 G

A.12 applis
dimensiona

For the pu
comprised d
element in
chords in tr
can readily |

The cross-
components
jack-up chd
component
another pie
as a separat

blicability
pneral

s to steel structures only. Where necessary, the formulae included in A.12 have been
ized using Young's modulus, E, of 205 000 N/mm? (or 29 700 ksf).

poses of strength assessment, it is necessary to consider'the truss type leg structure as b
f structural members. Typically, each structural member, can be represented by a single beam-col
hn appropriate analytical model of the structure. Examples of structural members are braces
1ss type legs and box or tubular legs, all of which form'a part of the structure for which the prope
be calculated.

. Table A.12.2-1 shows classification limits for circular and non-circular prismatic members in ty
is by definition comprised of only. one material. Therefore, where a plate component is reinforce

ce of plating of a different yield strength (see Figure A.12.2-1) the reinforcing plate should be tre
e component. Non-circular prismatic members should be assessed using the provisions of A.12.6.

ection of a non-circular prismatic structural member is usually comprised of several struclu

rds comprising split-tubulars, rack “plates, side plates and back plates (see Figure A.12.1-1J).

the

10n-

Ping
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'ties
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A
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2

Dpposed rack split tubular chord member section b) Triangulartype chord member s

rack plate
split tubular
side plate
back plate
rack tooth

Figure A.12.1-1 —Typical components of typical jack-up chord cross-sections

plars should be assessed as structuyal members using the provisions of A.12.5.

In (lause 12, subscripts y and z are‘used to define the two axes of bending of tubular and prismat|
however Fy is used to define thelyield strength in stress units.

NOTE The structural-resistance factors for tubular members given in Clause 12 are based on an
integpretation of the theoretical values derived from the data used in the calibration of APIRP 2A LRFD, 1

API
valu

RP 24, 15th edition;and the data used in the development of the ISO 19902 tubular members strength forni
s for non-tubular prismatic members were taken from AISC; see American Institute for Steel Construction (4

whidh changed its;equivalent resistance factor from 1,18 to 1,1 between the 1986 and 2005 editions because of a
of thie applicable data, which resulted in an effective reduction in the coefficient of variation.

A.12.1:22, Truss type legs

pction

¢ members,

independent
5t edition, to
ulations. The
AISC) (2005),
Feassessment

No guidance is offered.

A.12.1.3 Other leg types

No guidance is offered.

A.12.1.4 Fixation system and/or elevating system

No guidance is offered.
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A.12.1.5 Spudcan strength including connection to the leg

No guidance is offered.

A.12.1.6 Overview of the assessment procedure

No guidance is offered.

A.12.2 Classification of member cross-sections

A1221 M

No guidance

A12.22 M

The value o
value is gre|

taken as 90

F.

y 1

i

F.

v 1

eff

A12.2.3 (]

A.12.2.3.1

A cross-sect
D/t<0

where

D st

(minimum of the yield strength and 90 % of the UTS of thetith-component of the cross-section);

In stress units;

from the plastic tensile axial strength divided by the minimum cross-sectional area.

ember type
is offered.
aterial yield strength

f the yield strength taken from a tensile test should correspond to the 0,2 % offset value. Where
hter than 90 % of the ultimate tensile strength (UTS), the yield strength, Fy, used in A.12 shoul

Do of UTS. The following variables are used in A.12:
5 the yield strength in stress units (minimum of the yield strength and 90 % of the UTS);

5 the yield strength of the ith component of the cross-section*of a prismatic member, in stress u
s the minimum yield strength of the Fy; of all componénts in the cross-section of a prismatic men

5 the effective yield strength of the cross-section of a prismatic member, in stress units, determ

assification definitions

Tubular member classifi¢cation
jon of a tubular membeTis‘a class 1 section when Formula (A.12.2-1) applies:
0517E/F, (A12.

he outside diameter;

this
1 be

nits

ber,

ned

D-1)

t is 1

héwall thickness;

Fy

E

NOTE

is the yield strength in stress units;

is Young's modulus of steel (E =205 000 N/mm?).

Compliance with class 1 classification is relevant only when undertaking earthquake, accidental or alternative

strength analyses (see 10.7, 10.8 and 10.9). In all other cases, the distinction between class 1 (plastic) and class 2 (compact) is
irrelevant to the assessment.
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A.12.2.3.2 Non-circular prismatic member classification

Non-circular prismatic members that contain curved or tubular components should have the curved components
classified based on the values given in Table A.12.2-1 and their flat components classified based on Tables A.12.2-
2 to A.12.2-4. The limits given in Table A.12.2-1 tend to be conservative as, in most cases, there is additional
support for the curved component by the flat components (e.g. the rack in a split tube chord reinforces the split
tube and helps to prevent local buckling). When the limits given in Table A.12.2-1 are considered to be too
onerous, it can be possible to justify the use of alternative limits through rational analysis.

NOTE The use of Tables A.12.2-3 and A.12.2-4 to classify cross-sections subject to axial compression and bending is
complicated and requires knowledge of the cross-section stress distribution. It is always acceptable to conservatively base the
crosg-section classification on the relevant axial compressive case.

Table A.12.2-1 — Classification limits for non-circular prismatic members
containing curved components

D/t limits
Class
Section in bending Section in compression
1 D/t<0,052 E/F, D/t< 0052 E/F,
2 D/t<0,103 E/F, D/€50,077 E/F,
3 D/t<0,220 E/Fy D/t<0,102 E/Fy
4 D/t>0,220 E/F, D/t>0,102 E/F,

Whe¢n classifying non-circular prismatic components irttaccordance with Table A.12.2-2 to A.12.2-4, a distinction is
made between internal components and outstand components as follows:

a) |internal components are components that are supported by other components along both longitydinal edges,
i.e. the edges parallel to the direction-of compression stress, and include

— flange internal components: internal components parallel to the axis of bending;
— web internal components: internal components perpendicular to the axis of bending;

b) |outstand components-are components that are supported by other components along one longitudinal edge
and at both ends gftlie member under consideration, with the other longitudinal edge free.

Wh¢n a cross-section is composed of components of different classes, it is classified according to the hjghest (least
favdurable) class of its compression components. Slender components within a cross-section can|be ignored,
proyided that'only the remaining cross-section is used for all aspects of the assessment. However,|if a slender
componentthat has been ignored is required to carry local loading, e.g. horizontal pinion thrust, the gffects of the
gloHalactions should be considered when ffects of the
globatactionseannormally-be-inechided-byconsiderin : : d mations-of-the-member dition to the
local loading.

In calculating the ratios given in Tables A.12.2-2 to A.12.2-4, the dimensions that should be used are those given in
the relevant table. The components are generally of constant thickness; for components that taper in thickness,
the average thickness over the width of the component should be adopted.

Members that do not satisfy the applicable simplified lateral torsional buckling (LTB) criteria should be assessed
further to determine a reduced representative member bending moment strength, M, using the guidance in

A12.6.2.6.
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The LTB criterion for singly symmetric open sections is taken from F2-5 of AISC (2005), as given in
Formula (A.12.2-2):

(A12.2-2)
The LTB criterion for any closed section is derived from BS 5400-3, as given in Formula (A.12.2-3):
L 0,361, E
b < 1 I A (A T22-3)
s | ZoFymin \ (0 1)1y~ /26
where
I ik the major axis second moment of area of the gross cross-section;
I, is the minor axis second moment of area of the gross cross-section;

Ly it the effective length of a beam-column between supports, i.e. the length between points that] are

gither braced against lateral displacement of the compression flange, or braced against twist of the
¢ross-section, in addition to lateral support;

A is the gross cross-sectional area;

an;
2. (0w /1)

] ils the torsion constant, J =

Where
A, istheareaenclosed by the median line of the perimeter material of the section,
b,, isthe width of each component (wall of the section) forming the closed perimeter,
t is the thickness-ef.€ach component (wall of the section) forming the closed perimeter;

Ny i the radius of gyration about the minor axis as defined in Formula (A.12.3-6);

Fyip 15 the yieldystrength, F, of the material that first yields when bending about the minor hxis.

[onservatively, Fy in Formulae (A.12.2-2) and (A.12.2-3) may be taken as the maximum yield strength
f all the.components in a non-circular prismatic cross-section;

E i Young's modulus;
Z, is the fully plastic effective section modulus about the major axis determined from Formula (A.12.3-2);
F

is the minimum yield strength of the Fy;i of all components in the cross-section of a non-circular
prismatic member, in stress units, as defined in A.12.2.2.

A.12.2.3.3 Reinforced components

Reinforcement of member cross-sections is often of the form shown in Figure A.12.2-1.
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T

b, -

Key
1 base plate

reinforcing plate
b, width of base plate
b, width of reinforcing plate
ty thickness of base plate
t, thickness of reinforcing plate

Figure A.12.2-1 — Definitions for reinforced plate

To be considered a reinforcing plate, the plate should nominally be in contaet\with the base plate afross its full
widfh and continuously welded to the base plate on all edges with adequate welds.

Wh¢n a reinforcing component is used, there should be four independént checks of the cross-section dlassification
in a¢cordance with Tables A.12.2-2 to A.12.2-4:

a) [the reinforcing plate (using t,) over the width b,, using buckling coefficient increased by a factor ¢f 1,573 (see
below in A.12.2.3.3);

b) [the combined plate using ¢ .., over width b;; see-Formula (A.12.2-4);

chec

c) [the base plate (using t;) over the width,k, using buckling coefficient increased by a factor of 1,573 (see
A12.2.3.3);

d) [the base plate (using t;) over the dimension of the unreinforced widths (conservatively taken as Y; — b,).

If the cross-section is found to.be slender (class 4), then the effective width of each of the base plate| reinforcing
platg, and the combined plate should be determined from Table A.12.2-2.

Because the reinforcing\plate is welded to the base plate around all edges, their ability to buckle inflependently
over the width b, is\réstricted. Therefore, the coefficients in Tables A.12.2-2, A.12.2-4, and A.123-1 may be

increased by a factorof 1,573 for cases a) and c) to account for this limited buckling capability.

NOTE As.an example, the first limit in Table A.12.3-1, 0,72tf\/(E/Fy), can be increased to 1,13 tf\/(E/Fy) as|derived from
1,13|=0,72\x1,573.

The'reinfor \,ius platc shottd-be—classifiedas= comptr esston ﬂausc intermat \,Ulupuucut or-web-interma Component
in accordance with Tables A.12.2-2 and A.12.2-4 depending on the type of in-plane loading. The value of yield
stress used is that of the reinforcing plate.

The composite section should be classified as a compression flange internal component, a web internal

component or a compression flange outstand component in accordance with Tables A.12.2-2 to A.12.2-4
depending on the type of in-plane loading and support conditions. The value of thickness t . for use with width

b, in the formulae in Table A.12.2-2 and A.12.2-4 should be determined from Formula (A.12.2-4):

Eeheck = (Eegr t1)/* (A12.2-4)
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where

I=1[by(t; + ;)3 — (by — b))t,31/3 - A(t; + t, — y1)?

V1 =[b1t1% + byty(2t; + t,)]/(24)

(A.12.2-5)

(A.12.2-6)

(A12.2-7)

(A.12.2-8)

The value df yield stress for use in Tables A.12.2-2 to A.12.2-4 is the larger of the yield stress values for

reinforcing plate or the base plate.

Table A.12.2-2 — Cross-section classification — Flange internal components

the

Limiting wiflth-to-thickness ratios for compressed internal components

b
Z
| "y
Am——— — = —— O\ ——; ——A
| &
[ I
A
A-A is the'axis of bending
Class Type Section in bending Section in compression
i o
Plastic stresg distribution in component h:rw : ‘:1
p : H : : Fl‘ : H H : ‘
and across s¢ction \ | | \ | \ | | \ ||
(compressioh positive) ‘ L J ‘ \ | \ | | \ ||
1 O e N
L N
Plastic — Clss 1 Rolled or welded b/t <1,03V(E/F)) b/t <1,03V(E/F)
Compact —[Clas$ 2 Rolled or welded b/t;< L,17\(E/F,) b/t;<1,17V(E/F,)
E Il
¥ il ‘ + Ty
Elastic stress distribution in component ‘ [ '7 r:w ‘ ’:1
and across section \ ‘ ‘ \ { \ ‘ ‘ \ \ |
(compression positive) \ L J \ /"; \ L J \ ‘ \
il ﬁ il ‘E
-+ -+
Semi-Compact — Class 3 Rolled or welded b/t < 1,44N(E/Fy) b/ < 1,44\/(E/Fy)
Slender — Class 4 Rolled or welded b/ty> 1,44N(E/F,) b/ty> 1,44N(E/F,)
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Table A.12.2-3 — Cross-section classification — Outstand components

Limiting width-to-thickness ratios for outstand components

8
R
' b b
|
A———— — — L = — &= A
b /
A '/
A-A is the axis of bending
Outstand subject to Outstand subject to compression and benfling
Class Type .
compression Tip in compression Tip in tensjon
Plagtic stress distribution in - ab o ab
conjponent =
(compression positive) + +
P R I [
§ ] i b I b
= > \
Plaktic — Rolled b/t;< 0,33\/(E/Fy) bJt:< (0,33 /a)\/(E/Fy) b/t;<[0,33/(erV ]\/(E/Fy)
Clags 1 Welded b/t;< 0,30V(E/F) b/t;< (0,30/ )V(E/F,) b/t;<[0,30/ (el N(E/F,)
Cothpact — Rolled b/t;< 0,37\(E/F,) b/t;<(0,37/)V(E/F,) b/t;< [0,37/(0(\/ji]\/(E/Fy)
Clags 2 Welded b/t;<0,33V(E/E,) b/t;< (033/ a(E/F,) b/t;<[0,33/(aNa)N(E/F,)
Elagtic stress distribution Maximum compression Maximum compression
in cpmponent at tip at connected|edge
(compression positive) L L
S + S +
— _ 7 _
N s ) ¢ - I N -
:fx b 1 T ' ‘ ‘ '
u A R Loob]
i !
Rolled b/t;< 0,55\/(E/Fy) b/t < 0,84(k, E/F,) b/t:< 0,84\(k, E/F,)
Welded b/t;<0,5 0\/(E/Fy) b/t;<0,76V(k, E/F)) b/t:<0,767(k, E/F,)
Semi- y=0,/0; y=0,/c
Corppact — kg =0,57 — 0,21y + 0,07 y2 k_=0,578/(w} 0,34)
Class 3 forl1>y>-1 forl1>y>0
k,=17 -5y +17,1 y?
for0> y>-1
Slender — | Rolled or
Class 4 Welded b/t¢> than for Class 3 b/t;> than for Class 3 b/t¢> than for Class 3

In the figures relating to stress distributions, the dimension, b, is illustrated only in the case of rolled sections. For welded
sections, b should be assigned as shown in the diagrams at the top of the table.

When determining « for Class 1 and 2 members, the loads should be scaled to give a fully plastic stress distribution. For all
classes, it is conservative to use the relevant compression case.
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Table A.12.2-4 — Cross-section classification — Web internal components

Limiting width-to-thickness ratios for web internal components

_47 tw fw
\i
A
N =
A 77777 I S, [ E —_
/ :
'
A-A is the axis of bending
Class Web subject to bending Web subject to Web subject to bending and
compression compression
Plastic stres + Fy + Fy + Fy
distribution |n -—— y —
component "g
(compressioh positive) = = _r =
L | ' N
—] -
Fy Fy F,
Plastic — Class 1 a=0,5 a=1,0 when a> 0,5
d/t,, < 2,56 \(E/F,) d/t, < 1,03\/(E/Fy) " 5,18V (E/F,)
S A
W (6,043 o -1)
when < 0,5
d/t, < 1,28\/(E/Fy) /o
Compact —[Class 2 d/t,,<3,09\(E/F,) dyt,, < 1L,17\(E/F) when > 0,5
4,82y (E/F
an, <252 EMF)
512 -1
when ¢<0,5
155V (E/F
a1, <22V ER)
a
Elastic stresg +fb +fC +fb
distribution |n y y X
component
(compressioh positive) —F = ~
\ ! b v
So- + -
Semi-Compact — /e, < 4,14\/(E/Fy) djt, < 1,44\/(E/Fy) when y>-1,0
Class 3
1,44 (E/F,)
d/t, < Y
(6,674 + 0,327y)
when y<-1,0
d/t, <2,07(1 - YN=WV(E/F)
Slender — Class 4 d/t,, > than for Class 3 d/t,, > than for Class 3 d/t,, > than for Class 3

When determining o for Class 1 and 2 members, the loads should be scaled to give a fully plastic stress distribution. For all
classes it is conservative to use the relevant compression case.
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A.12.3 Section properties of non-circular prismatic members

A.12.3.1 General

Cross-sectional properties appropriate for the strength assessment of non-circular prismatic members of all
classes should be determined as described in A.12.3.2 to A.12.3.4; the nomenclature and definition of variables is
summarized in A.12.3.5. The properties appropriate for the stiffness assessment of prismatic members should be
based on elastic considerations.

Where elastic section properties are determined for class 1 and class 2 sections in place of pl

prO e oy O H P 6H oH O t dFar—ahary sysacyamy PaFa

sho

Cros

pris

Crog

The

naty
may

1d be determined in accordance with A.12.3.3.

s-sectional properties are normally required in respect of both major and minor axes, of a
matic member.

s-sectional properties for tubular members are specified in A.12.5.

ral periods) can differ from those used when assessing member strengths.)For example, leg chor
include 10 % of the maximum rack tooth area when determining thé\leg stiffness. This additio

astic section

eters), these

hon-circular

cross-sectional properties used in the stiffness model (e.g. when deterimining structural deflections and

1 properties
hal material

shoyild not be included when calculating the section properties for strerngth assessment, except it thay be used

whd

A.1]

A.1]

For

n determining the column buckling strength (A.12.6.2.4) and moinent amplification (A.12.4).
.3.2 Plastic and compact sections

P.3.2.1 Axial properties — Class 1 and class 2 sections

class 1 plastic and class 2 compact sections,_section properties should be determined assuming that fully

plastic behaviour can occur. The properties required for a strength assessment should be determined taking into
accqunt the physical distribution of components comprising the cross-section and their yield stfengths. For
simplicity, the following approximations cafi be used to determine the relevant properties.
For pxial tension and compression, the fully plastic effective cross-sectional area for use in a strength [assessment,
Api as given in Formula (A.12.3-1);
A, = (2 F,A)/Fymin (A12.3-1)
whdre
Fy; s thedyield strength of the ith component of the cross-section of a prismatic membern as defined
inAvl2.2.2;
A; is the cross-sectional area of the ith component comprising the structural member;
rm—is-the-minimum-yield-strength-of-the-iofall-components-in-the-cross-section-ofa-prismatic member,
in stress units as defined in A.12.2.2.
NOTE 1 The centroid of the plastic section (or squash centre) of a member comprising components of differing yield

strength can be offset from the centroid of the elastic section.

NOTE 2 Ap can be larger than the physical cross-section of the member.

A.12.3.2.2 Flexural properties — Class 1 and class 2 sections

The

second moment of area, I, should be determined using the fully effective cross-section.

© ISO 2016 - All rights reserved

221


https://standardsiso.com/api/?name=8527c9f5bb05f1c49fb3d22fe0c1b5c3

ISO 19905-1:2016(E)

The fully plastic effective section modulus Zp is as given in Formula (A.12.3-2):

Zp =(Z FyidiAi)/Fymin (A.12.3-2)
where d; is the distance between the centroid of the ith component and the plastic neutral axis.
NOTE The plastic neutral axis does not necessarily coincide with the equal area axis for cross-sections composed of

different yield strengths.

When using this definition onp, the value of yield stress that should be used in the calculation of plastic moment
as defined in A.12.2.2.

strengths sHould be Fimin

A.12.3.3 Semi-compact sections

For class 3 §emi-compact sections the section properties should be based on elastic propertiesrassuming that the
full cross-section is effective. The relevant variables are the cross-sectional area, Ay, as given ji.Formula (A.12.3-3),

the second homent of area, I;, and the elastic section modulus, S;.

A=2A; (A12B-3)
The propertjes I and S; should be determined assuming that the full cross-section is effective for bending about poth
major and npinor axes. When considering a cross-section comprised of componénts having different yield strengths,
the section rhoduli used in the calculations should encompass all critical peints on the cross-section.

NOTE ritical stress locations are typically those at the edges of components and are a function of the member forceg, the
yield strength) of the component and its position within the cross-section‘of the member.

A.12.3.4 Slender sections

A.12.3.4.1 | General

Class 4 clasdification is determined from Tables'A’12.2-1 to A.12.2-4. Cross-sectional properties for class 4 slepder
sections shduld be determined using elastic'principles. In tension, fully effective sections should be assumed, ile. A;

and S In compression, the sectional properties should be based on effective sections as described here.

When analysing structures that-contain class 4 sections, care should be taken when determining the fprce
distributionk. It is recommended-that the structural analysis be performed using full elastic section properties|and
that the reduced section properties are used only for the member strength checks. Since this overestimateq the
forces in clfass 4 membefs,~care should be taken when the use of the reduced sections causes a significdntly
different forfce distributie. In this case, an iterative analysis process can be required.

Effective seftions should be based on actual plating thicknesses combined with plating effective widths.|The
effective wiglths of compression flange internal or outstand components should be determined in accordance With
the formulak-presented-in-Table A 3-1a)or b} respective he-effective widths of web internal-compon
subject to compression and/or bending should be determined as shown in Table A.12.3-1 c¢) for which the
following definitions apply (compression is taken as positive and tension as negative):

7% is the ratio of compressive stress to bending stress;

o4 is the compressive stress if o, is tensile or the larger compressive stress if o , is also compressive;
o, is the tensile stress if o, is tensile or the smaller compressive stress if o , is compressive;

k is the buckling coefficient;
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P is the reduction coefficient;

ﬂp is the plate slenderness parameter;
Aplim  is the limiting plate slenderness ratio;
Apo  is the plate slenderness ratio coefficient.

When determining effective widths for web internal components, the stress ratio, ; used in Table A.12.3-1 should
be based on compression flange internal and outstand component effective widths, but the gross web section
proll)erties may be used.

Thelarea reduction of curved components should be determined through the use of A.12.5.2.3(The fol
shotyild be followed.

owing steps

The representative local buckling strength should be determined for a tubular’ member with the wall
thickness and diameter equivalent to the curved component in the non-circulax prismatic member.

a)

b) |[The strength of a tubular, of the same diameter and wall thickness used-in step a), should be|determined

based on its full cross section and material yield.

The ratio of the strengths should be determined as in step a) strength divided by step b) strength.

c)

d) |This ratio of strengths should then be used to determine an equivalent reduced area of the curved

in the non-circular prismatic member.

component

The

gros
stry|
neu

use of plating effective widths generally leads to a shift in the neutral axis compared with that
s sectional properties. This shift should be taken_into account when determining effective width
ctural analysis is performed using gross section(properties, the additional moment caused by thg
ral axis should be found as the product of the‘axial force acting on the member and the shift in

found using
s. When the
shift in the
the neutral

This moment should be treated as additional to other moments acting on the effective section finless more

rous conditions arise if it is omitted.

axis
one

A.12.3.4.2 Effective areas for compressive loading

The| effective area Aqq; of a compressed component should be found as the product of its thickmess and its
effegctive width (which should nhever be taken as greater than the actual width). The effective arealof a curved
component subject to uniform compression should be determined from its actual area reduced by thg ratio of its
strepgth when treated’as a class 3 or class 4 tubular [Formula (12.5-5), when 0,170 < A Fy/Pxe] versuy its strength
n treated as class/1 or class 2 tubular [Formula (12.5-5), when 4 Fy/P <

'« <0,170], as set out in steps a) to d) in
.3.4.1. The total effective area, A

(A.12.3-4):

whae

A.17 is the sum of the component effective areas, as given in Formulg

ec’

A S Aoy (A12.3-4)

A.12-3#-3—Effective moduti for flexurat foading

For web or flange internal components subject to combinations of flexural and compression loading, effective
widths should be determined from Table A.12.3-1c). For web or flange outstand components subject to
combinations of flexural and compression loading, effective widths (which should never be taken as greater than
the actual widths) should be determined from Table A.12.3-1 b). The effective area of a curved component subject
to flexure should be determined from its actual area reduced by the ratio of its strength when treated as class 3 or
class 4 tubular [Formula (12.5-10), for 0,103 4 < (Fy D)/(E t)] versus its strength when treated as class 1 tubular

[Formula (12.5-10), for (Fy D)/(E t)<0,0517], as set out in stepsa) to d) in A.12.3.4.1. The effective second
moment of area /, should be found by calculating the properties of the section based on fully effective areas for
components subject to tension, on effective areas as defined in A.12.3.4.2 for components subject to compression,
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and on effective areas as defined in the first paragraph for components subject to combinations of compression
and flexure.

Application of this procedure to determine effective second moments of area when applied to cross-sections with
slender components, especially when the section is not symmetric with respect to a particular axis, leads to two
values of I, about such an axis, depending upon the sign of the bending moment. Conservatively, the smaller value

of I, can be used throughout the strength analysis.

When considering a cross-section comprised of components having different yield strengths, the reduced elastic
section modulus S, used in the calculations should encompass all critical points on the cross-section:

Se=1,/p; (AJ2PB-5)

e

where y; is the distance from the neutral axis associated with I, to the critical point i.

NOTE ritical stress locations are typically those at the edges of components and are a function of the-member forceg, the
yield strength of the component and its position within the cross-section of the member.
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Table A.12.3-1 — Section properties — Effective widths for components in slender sections

0.72t(E/F,) 0.72t\(E/F )

AR

0.724V(E/F,)

[

a) Compression internal components

0.75¢0(koE/F,) 0.50¢\(E/F,)
0.501(E/F,) pm_1,
s 1
Af,i,i [ _ _
|

0.75¢ (ko E/F,)

mov
i 50(V(E/F,)

[

‘ i 71 1>y >0 w=0,/0,
°
“1 dyg=pd p=1 if 2,40,75
~ oy = 2d 5/ (5~ ¥) p=14,-0,047(3+ Y)I/A 2 if4,50,75
~ deZ = deff_ del and (3+w) =0
9]
1N I
02
- ‘ o w<0 2y =1,04(d/t ) NIF,/(EK)]
(9]
“1 deg=pd.=pd /(1-y) k=8,2/(1,05+ y) if1> >0
O
:I = i =Bt —629 ATy - 1
hE: /
= ! dyy=0,6 dyg k=598 (1- y)? if—1> w>-3
3
v v
02
c) Internal components under compression and/or bending
Key
A-A  axis of bending
- ineffective area, which is ignored when calculating effective section properties
NOTEAa) is a special case of c) with no bending and is included for clarity.
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A.12.3.5 Cross-sectional properties for the assessment

A.12.3.5.1

Tension

In tension, the cross-sectional area for use in the assessment should be A; where

A =4, for class 1 plastic or class 2 compact sections, see Formula (A.12.3-1),

= Ay for class 3 semi-compact sections as defined in Formula (A.12.3-3),

Where the d
cross-sectio
lost area.

A.12.3.5.2

In compresg

A.12.3.5.3

In flexure, the second moment of area with respect to the y and z axes of bending that should be used in

assessment

The section

A; as defined in Formula (A.12.3-3) for class 4 slender sections in tension across the wholecof
cross-section (including bending); otherwise use A,. for class4 sections as defined
Formula (A.12.3-4).

ross-section contains cut-outs, pin-holes, etc., A, should be determined at the location of the minin
h, unless the section is equipped with doubler plates surrounding the hole that at/least replace al

Compression

ion, the cross-sectional area for use in the assessment should be A Wwhere
4p for class 1 plastic or class 2 compact sections, see Formula(A.12.3-1),
A for class 3 semi-compact sections as defined in Formmula (A.12.3-3),

A, for class 4 slender sections as defined in Formula (A.12.3-4).

Flexure

should be determined from the following:
I¢for class 1 plastic and class2 compact sections as defined in A.12.3.2.2,
[ for class 3 semi-compact sections as defined in A.12.3.3,

/. for class 4 §lender sections as described in A.12.3.4.3 accounting for both the chosen axis and
direction of bending.

modulifor the two bending axes should be determined from the following:

the

hum
the

the

the

Iz

£ 1 PR . 3 PN . P I A )
— p 101" C1dS5S 1 PIdSUC O CIdsSS 4 COIITP U SECLIOILS, SEC TUTIIULd (A1 4.5°4 ),

= S;for class 3 semi-compact sections as defined in A.12.3.3 for each critical stress location,

= §, for class 4 slender sections as defined in A.12.3.4.3 for each critical stress location, accounting

for both the chosen axis and the direction of bending.

The radius of gyration about the minor axis that should be used for lateral-torsional buckling considerations, ry;,

should be determined as given in Formulae (A.12.3-6):
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Tib = (I /A )05 for sections in classes 1 to 3,

= (I, /A..)% for sections in class 4.

A.12.4 Effects of axial force on bending moment

A.12.4.1 General

Euler moment amplification (p-8) applies to all members in axial compression.

1:2016(E)

(A.12.3-6)

For
add

For

sect
che

A.1]

The

on the fully plastic section. For chords with material asymmetry (e.g{when the section includes co

diffd
the
cent
isn

The

whae

classes 1, 2, and 3 cross-sections, the eccentricity between the elastic and plastic centroids
tional moment. This affects members in both tension and compression.

on area normally used in the structural analysis and the effective neutral axis used\in the mem
k. This can affect members in both tension and compression.

2.4.2 Member moment correction due to eccentricity of axial force
plastic centroid or “centre of squash” is defined as the location at which the axial force produces|
ring yield strengths) the centre of squash can be offset from the elastic centroid. Before a sectio

moments should be corrected by the moment due to the axial force times the eccentricity betwee
roid (used in the structural analysis) and the “centre of squash” in accordance with Formula (A.12

eccentricity for tubular members or for non-circular prismatic members with material symmetry
corrected effective moment, M, ., should be calculated for each axis of bending, as given in Formul
Mye =M, +ePy
re

M, is the moment in a membgr‘due to factored actions determined in an analysis that include

effects;

A effects;

checks;taking due account of the sign in combination with the sign convention for P,:

e for class 1 and 2 members, is the distance between the elastic and plastic neutral axes
to the axis of bending under consideration. Annex F presents data including this off

induces an

class 4 members, in addition to the Euler moment amplification, there is an eccentricity between the full cross-

ber strength

no moment
ponents of
is checked,
n the elastic
.4-1). There

h (A.12.4-1):

(A12.4-1)

s global P-A

P, is the axial force in~the member due to factored actions determined in an analysis that includles global P-

e is the eceentricity between the axis used for structural analysis and that used for structural strength

orthogonal
set distance

(together with other geometric data) for many members of each chord family,

e for class 3 members, is equal to e, as defined in A.12.6.2.3,

e for class4 members, is the distance between the neutral axes of the full and effective

cross-sections, orthogonal to the axis of bending under consideration,

e is equal to 0 if the structural model fully accounts for the offset between the neutral axes of the

modelled member in the strength checks,

e is equal to O for tubular members; for other cross-sections in classes 1, 2 and 3 with material

symmetry and when an elastic strength check is used for the assessment of members
2 and 3.
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A.12.4.3 Member moment amplification and effective lengths

The amplified moment, M, ., should be calculated for each axis of bending as given in Formula (A.12.4-2):

ua’
M, ,=BM, (A.12.4-2)
where

M, is as defined in A.12.4.2;

the

—| B=1,0 for (i) members in tension, or (ii) members in compression where the individual member
forces are determined from a second order analysis, i.e. the equilibrium conditions are formulpted
on the elastically deformed structure so that local p-@ effects are already includedit1.M ;

C

—| B=——"___ for members in compression where the local member forces are determ|ned

(1-P,/P;)
from a first-order linear elastic analysis, i.e. the equilibrium conditions are formulated on| the
undeformed structure and therefore M, does not include the local, member p-5 effects:

where

Py = (n?ED)/(K L)?, and should be calculated for the plane of bending;

I is the second moment of areatfor the plane of bending as defined in A.12.3.5.3
(including percentage of rack¢eeth of chords, see A.12.3.1);

Kand C, are given in Table A.12.4-1;

K is the effective length factor for the plane of flexural buckling;

L is the unbraced length of member for the plane of flexural buckling normally taken
as oneof'the following:

—£.~face to face length for braces,
Z—  braced point to braced point length for chords,

— longer segment length of X-braces (one pair is in tension, if not brjced
out-of-plane).

When the analysis‘of a jack-up with single-column tubular or box section legs has been undertaken accounting for
the membey moment amplification effects of global P-A/hull-sway, B may be taken as 1,0 as local p-6 and glpbal
P-A are the same. For these jack-ups, local strength due to guide reactions should be assessed in conjunction with
the member forces.

228 © 1SO 2016 - All rights reserved


https://standardsiso.com/api/?name=8527c9f5bb05f1c49fb3d22fe0c1b5c3

ISO 19905-1:2016(E)
Table A.12.4-1 — Effective length and moment reduction factors
Structural member K C,2
Tubular or box complete legs 2,0P A
Chords with lateral loading 1,0 C
Chords without lateral loading 1,0 B
Primary diagonals and horizontals 0,7 BorC
K-bracesC 07 C
Tubular braces Longer segment length 0,8 C
X-brace®
Full lengthd 0,7 C
Secondary horizontals 0,7 C
a The value of € can be determined from rational analysis. In lieu of such analysis, the following values'may be used:
A For members whose ends are restrained against sidesway C,=0:85
For members whose ends are unrestrained against sidesway G, =120
B For members with no significant transverse loading, ignoring self-weight; buoyancy; and direct wave/current and yvind actions:
€,=06-04M/M,
where M, /M, is the ratio of the smaller to the larger non-amplified end moments of the segment of the member |n the plane of
bending under consideration. M, /M, is positive for the segment subject to reverse curvature and negative when sybject to single
curvature.
M1 = Mue at end 1; similarly for M2
C For members with significant transverse loading, othér,than self-weight; buoyancy; and direct wave/current and wjind actions:
€,=10-02P/P, (a1sclA12-5-11 (2005) Table €-C2.1)
Pp= PEy or P, as appropriate for the axis of beniding under consideration.
b Alternatively use effective length alignment/Chart in Figure A.12.4-1.
¢ |For either in-plane or out-of-plane effective lengths, at least one pair of members framing into a K- or X-joint is in tensiof if the joint is
not braced out-of-plane.
d

For X-braces, when all members,are in compression and the joint is not braced out-of-plane.
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GA K GR To estimate the effective length of an unbraced column, such
. as tubular or box complete legs, the use of the alignment
— © =200 — chart in Figure A.12.4-1 provides a simplified method for
105%:% B ??10'0 . 105%,% determining adequate K values. The alignment chart can be
A -+ —_— ' modified to allow for conditions different from those
30 0 — T 5,0 — 30 .0 assumedin developing the chart.
20,0 — 140 — 20,0
— 1 — The subscripts A and R refer to the joints at the two ends of
the column section being considered. G is defined as
10,0 — —+ 3.0 — 10,0
9,0 —] I — 9.0 |
8.0 - —&9 “c
7.0 7.0 o ke
6,0 6,0 Z N
50 —] { — 5,0 Lo
LO — - 2,0 &0
7] - B in which ¥ indicates a summation of all members rigidly
3.0 — —+ — 3,0 connected to that joint and lying(in-the plane in which
- 1 - buckling of the column is being considered. I, is the moment
20 __| 1 | 20 of inertia and L. the unsupported length of the column
15 section, and I, is the ¢moment of inertia and Ly the
7] ! I unsupported length of a ‘girder or other restraining member.
10 T 10 1. and I, are taken, abqut axes perpendicular to the plape of
! ] T I ! buckling being cénsidered.
: 1 : For columm\ends supported by a pinned restraint, |G is
] + | theoretically infinite but, unless truly friction free, cap be
) | | taken as 10 for practical cases. If the column end is rigidly
0 1'0 0 restrained, G may be taken as 1,0. Smaller values maly be
used if justified by analysis.
NOTE Taken from ISO 19902:2007, Figure A.13.5-4.
Figure A.12.4-1 — Alignment chart for-determining the effective length of unbraced columns
A.12.5 Strength of tubular members
A.12.5.1 Applicability
The strength of unstiffened tubular members that satisfy Formula (A.12.5-1) should be assessed in accordfnce
with A.12.5.
D/t<1p0 (A125-1)

Tubulars that do not satisfy Formula (A.12.5-1) should be assessed using alternative methods that result in levels
of reliability comparable to those implicit in this part of ISO 19905, such as DNV Classification Note 30.1 (2004)
and API Bulletin 2U (2004).

The strength formulae in A.12.5.1 to A.12.5.3 for D/t <120 are unconservative for tubulars with reductions in
their cross-section. Where a tubular includes cross-sections with cut-outs, pin-holes, etc., it should be treated as
for a non-circular prismatic member, unless it is adequately reinforced. Reinforcement can comprise either
doubler plates that surround the hole or stiffeners that extend at least half the width of the hole above and below
the hole. If the reinforcement replaces all the lost area of the tubular, the strength formulae in A.12.5 may be used.

230
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The strength formulae are considered applicable for steels with a yield strength up to 700 N/mm?2. The yield
strength used should be as specified in A.12.2.2.

NOTE The strength formulae for tubular members are based on ISO 19902:2007, Clause 13. However, for use in this part
of ISO 19905, the ISO 19902 formulations have been converted to a force base rather than a stress base.

The formulae ignore the effect of hydrostatic pressure. The condition under which hydrostatic pressure can be
ignored for a specific member is as given in Formula (A.12.5-2):

2,985
[211]

d, < (A12.5-2)

t
whdre

d, is the limiting equivalent head of water in metres applicable to the‘tubular in questjon; it is the
depth below the water surface (including penetration into the seabed where applicaljle) plus the
additional soil pressure py'/(0,,9);

p is the depth below the sea floor in metres (zero if above sea‘floor);

7' is the submerged (effective) unit weight of the soil;

Puw is the mass density of water;

g is the acceleration due to gravity;

For|convenience, some typical maximum values™of D/t, are given for a range of effective heads |of water in
Table A.12.5-1.

Table A.12.5-1 — Maximum (D/t),, values for given equivalent head of water

Equivalent head of water Maximum tubular

d, (D/t)

m

43 60,0

50 56,9

75 49,7
100 45,1
125 41,9
150 39,4
200 2 ':'Q

If the member D/t exceeds the maximum value of (D/t), the assessor should refer to ISO 19902, which is based on
stress rather than strength.

A.12.5.2 Tension, compression and bending strength of tubular members

A.12.5.2.1 Axial tensile strength check

Tubular members subjected to axial tensile forces, P, due to factored actions should satisfy Formula (A.12.5-3):
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Py <A Fy/VR,Tt

where
Fy is the yield strength in stress units as defined in A.12.2.2;
A is the gross cross-sectional area;

YrTe Isthe partial resistance factor for axial tensile strength, yp 1,=1,05.

A.12.5.2.2

Tubular m
Formula (A.

i
VYR Tc
A.12.5.2.3

The represe

Pyc =A

p =

ye =]

where, in ad
as given in H
P, =2

Xe

where C, is

The theoret
in the deter
is also impli

A.12.5.2.4

Axial compressive strength check

(A.12.5-3)

embers subjected to axial compressive forces, P,, due to factored actions should “sa
12.5-4):
/7RTe (12.
5 the representative axial compressive strength as determined in A.12.5.2(4;
is the partial resistance factor for axial compressive strength, yp 1= 1,15.
Local buckling strength
ntative local buckling strength, Py, should be determined as given in Formulae (A.12.5-5):
Fy (for AF/P,. < 0;370)
1047 - 0,274 AF /P, ] AF, (for 0,170 A F, /P, < 200F,/E) (A.12,

dition to the variables in A.12.5.2.1, P.

, Py (is'the representative elastic local buckling strength, calcul
ormula (A.12.5-6):

C, E A (t/D) (A.12.

he critical elastic buckling.coefficient.

cal value of C, for'an ideal tubular is 0,6. However, a reduced value of C, = 0,3 is recommended fox
cit in the limits for A Fy/PXe given in Formula (A.12.5-5).

Coluinn buckling strength

mination of P to’account for the effect of initial geometric imperfections. A reduced value of C,

Lisfy

5-4)

5-5)

hted

5-6)

use
0,3

The representative axial compressive strength of tubular members, P

» should be determined

Formulae (A.12.5-7) and (A.12.5-8):

P,=(1,

P,=09 P, /7

where

A= (Py/Pg)®

232

0-0,27842)P,, (for 1<1,34)

(for 1> 1,34) (A12.

(A12.

rom

5-7)

5-8)
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Pyc is the representative local buckling strength (see A.12.5.2.3);

A isthe column slenderness parameter;

P; is the smaller of the Euler buckling strengths about the y- or z-direction, Py = n? E /(KL)%

E  is Young's modulus as defined in A.12.1.1;

K s the effective length factor in y- or z-direction; see A.12.4.3;

L~ is the unbraced length in y- or z-direction; see A.12.4.3;
I is the second moment of area of the tubular.

A.12.5.2.5 Bending strength check

Tubular members subjected to bending moments, M, should satisfy Formula (A.12,5-9):

MU S Mb /}/R,Tb (A.12.5'9)
where
M, isequalto M, or M,,; it is the bending moment due tofactored actions about member y} and z-axes,

respectively, determined in an analysis that includes global P-A effects;

M,  isthe representative bending moment strength, determined as given in Formulae (A.12.5-1{0):

My =M, for (F, D)/(Et)<0,0517
My, =[1,13 -2,58 (F D)/ (E t)] M, for 0,051 7 < (F, D)/(Et)<0,103 4 (A.12.5-10)
My, =[0,94-0,76 (F,D)/(E)IM, for 0,103 4 < (F, D)/(E t) <120 (F,/E)
Mp is the plastic moment.strength as given in Formula (A.12.5-11):
M,=F, [D3 —(P=2t)3]/6 (A12.5-11)

YRTb IS the partial resistance factor for bending strength, y¢ 1, = 1,05.

A.12.5.3 Tubular member combined strength checks

A.12.53.1 Axial tension and bending strength check

Tubular members subjected to combined axial tension and bending should satisfy the condition given in
Formula (A.12.5-12) at all cross-sections along their length:

yr1e Put/ (A Fy) + 7R 1 (Muy2 +M,,2)%5 /M, <1,0 (A.12.5-12)
where, in addition to the previously defined variables

P is the axial tensile force due to factored actions;

ut

A is the gross cross-sectional area;
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Fy is the yield strength in stress units as defined in A.12.2.2;
Muy, M,, are the bending moments due to factored actions about member y- and z-axes, respectively,
determined in an analysis that includes global P-A effects;
M, is the representative bending moment strength, as defined in Formula (A.12.5-10);
YRTt is the partial resistance factor for axial tensile strength, y g 1= 1,05;
YRTb is the partial resistance factor for bending strength, y 1, = 1,05.
A.12.5.3.2 | Axial compression and bending strength check

Tubular me
Formulae (4

beam-colun

(rrrcH

and local sty
(rrrcH
where

P

uc

.12.5-7) and (A.12.5-7) at all cross-sections along their length:

n check:

uc/ Pa) + (VR b/ Mp) (Mygay? + My1,2)%5 < 1,0 (A.12.5
ength check:

i/ Pyc) + (VR 1o/ M) (Muey2 +M,,2)%5<1,0 (A.12.5}

is the axial compressive force due to factored actions;
is the representative local buckling strength inA¢12.5.2.3;
is the representative axial compressive strength as determined in A.12.5.2.4;

is the corrected effective bending \moment about member y-axis due to factored action
determined in A.12.4.2;

is the corrected effective. bending moment about the member z-axis due to factored actionp
determined in A.12.4.2;

A12.4.3;

A12.4:3;

isthe representative bending moment strength, as defined in Formula (A.12.5-10);

YR Tb
YR Tc

A.12.5.3.3

is the partial resistance factor for bending strength, YRTb= 1,05;

is the partial resistance factor for axial compressive strength, y .= 1,15.

Beam shear strength check

Tubular members subjected to beam shear forces due to factored actions should satisfy Formula (A.12.5-15):

VSPV/)/R,TV

234

Inbers subjected to combined axial compression and bending should satisfy the conditions given in

13)

14)

as

as

is the amplified behding moment about the member y-axis due to factored actions as determingd in

is the amplified bending moment about the member z-axis due to factored actions as determingd in

(A.12.5-15)
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%4 is the beam shear due to factored actions;

P, is the representative shear strength, as given in Formula (A.12.5-16):
P,=AF,/(2\3)

A is the gross cross-sectional area;

v p 1, is the partial resistance factor for torsional and beam shear strengths, ¥, .= 1,05.

1:2016(E)

(A.12.5-16)

A1’

Tub|

whae

A1l

A.1]

The
the
the
in A

from Galambos (1998)/ Interpretation of the specifications was necessary to enable presen

stra
with
proy

a)

2.5.3.4 Torsional shear strength check

lar members subjected to torsional shear forces due to factored actions should satisfy Eormula (A
Tu < TV / e R,Tv

re

T . isthe torsional moment due to factored actions;

T, isthe representative torsional strength, calculated as given'in’Formula (A.12.5-18):

T, =2I,F,/(DV3)

I is the polar moment of inertia, calculated as giveén-in Formula (A.12.5-19):
I,=(m/32) [D* - (D-20)%
.6 Strength of non-circular prismatic members

2.6.1 General

AISC (2005). The AISC (2005) specification for LRFD was interpreted and, in some cases, modifig
hssessment of mobilejack-up structures. The strength formulae for column buckling for lower sty
.12.6.2.4 were modified for consistency with the approach used for higher strength steels, whic
ghtforward method for the assessment of beam-columns with components of varying yield stre

ride the following:

a method to deal with member cross-sections comprising components constructed of steels w|

12.5-17):

(A.12.5-17)

(A.12.5-18)

(A.12.5-19)

structural strength provisions for rolled and welded non-circular prismatic members are generally based on

d for use in
ength steels
h was taken
fation of a
hgth and/or

cross-sections having only a single axis of symmetry. Development of the specifications was pecessary to

th different

yi€ld strengths;

b)

The

a method for the assessment of beam-columns under biaxial bending to overcome a conservatism that has

been identified in the standard AISC interaction formulae.

yield strength used in A.12.6 should be as specified in A.12.2.2.

The effects of hydrostatic loading on non-circular prismatic members should be considered. The critical condition
for hydrostatic loading on non-circular prismatic chord members is likely to occur when high spudcan fixity
results in high chord axial loads in deep water.
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Hydrostatic pressure effects on split tubular and similar members should be addressed as described in A.12.5.1. If
the section fails to meet the un-reinforced tubular check, additional analysis can be used to determine the effects
of the stiffening provided by the non-tubular components.

Hydrostatic pressure effects on flat plate components of members should be assessed as shown in Figure A.12.6-1
for values of fless than 2,0. If the component is used under conditions with an equivalent head of water greater
than the limiting equivalent head of water given in Figure A.12.6-1, or if the calculated fis greater than 2,0, then
rational analysis should be used to assess the effects of hydrostatic pressure on member utilization. For
convenience, Table A.12.6-1 gives the limiting equivalent head of water for components of differing plate
slendernesses.

d,, =298/ —2 092/ + 55422 — 6 6035+ 3 025 for #< 2,0

Key
b width of base plate

o~

thickness of base plate

d, limiting equivalent head of water in metres for which additional analysis is not required; it is the depth belojv
the water surface (including penetration into the seabed\where applicable) plus the additional soil pressure
p 7'/ (Pu9)

p plate slenderness parameter = (b/t)[Fy/E 0.5

p is the depth below the sea floor in metres (zero6.if'above sea floor)

7' is the submerged (effective) unit weight of(the soil

Pw is the mass density of water

Figure A{12.6-1 — Example chord shewing plate dimensions for hydrostatic pressure screening chedk

Table A.12.6-1 — Maximuin plate slenderness parameter ffor given equivalent head of water

Equivalent head of water Maximum plate slenderness
dw parameter
m B
170 1,0
120 1,1
85 12
48 1,4
32 1,6
24 1,8
20 2,0

In A.12.6.2 and A.12.6.3, y and z are used to define the axes of a non-circular prismatic member.
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A.12.6.2 Non-circular prismatic members subjected to tension, compression, bending or shear

A12.6.2.1

General

Non-circular prismatic members subjected to axial tension, axial compression, bending or shear should satisfy the
applicable strength and stability checks specified in A.12.6.2.2 to A.12.6.2.7.

A12.6.2.2

Non-circular prismatic members subjected to axial tensile forces, P

Axial tensile strength check

. due to factored actions should satisfy

Forfnula (A.12.6-1):

Py <P/ 7Rpt (A.12.6-1)
whdre
P, is the representative axial tensile strength of a non-circular prismaticjimember, calculated as given in

yi

A

1

YRt

A.1%2.6.2.3

Nonf-circular prismatic members subjectéd\to axial compressive forces, P
Formula (A.12.6-3):

whdre, in addition to the definitions given in A.12.6.2.2

Formula (A.12.6-2)
P =X(F,A) (A12.6-2)

is the yield strength of the ith component of the cross-section of a prismatic member, in [stress units,
as defined in A.12.2.2;

is the cross-sectional area of the ith component.eomprising the structural member;
is the partial resistance factor for axial tensile strength, y g p. = 1,05.

Axial compressive local strength-.check

. due to factored actions should satisfy

Puc <Ppi/7Rpal (A.12.6-3)

YRpa s thegartial resistance factor for local axial compressive strength, y g p=1,1;
Py iSythe representative local axial compressive strength of a non-circular prismatic membper as given
in Formulae (A.12.6-4) to (A.12.6-6);
P =2F A; for class 1 and class 2 members (A12.6-4)
Ah = Ap
P =ZF,A; - (ZFy,-AI- - FymmZAi) ) for class 3 members (A.12.6-5)
r ] h
Po = Fyminfc for class 4 members (A.12.6-6)
Fymin is the minimum yield stress of the Fy; of all components in the cross-section of a prismatic member,

in stress units, as defined in A.12.2.2;
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A; is the cross-sectional area of the ith component comprising the structural member;

A. is the cross-sectional area for use in the assessment of a non-circular prismatic member as defined
in A.12.3.5.2;

h is the subscript referring to the component that produces the smallest value of Poy

Ay =b/tor 2R/t as applicable for component h, with effective width b, or outside radius R;

ﬂp is as determined for component h from Tables A.12.2-2 to A.12.2-4 as given in Formulae (A.12.6-7)

to (A.12.6-10):

— for rectangular rolled or welded web or flange components supported along both edges:

Ay =117 [E / Fy; (A126-7)

— for rectangular rolled flange or web components supported along oné edge:

A, =037 IE/ Fy (A12)-8)

— for rectangular welded flange or web components suppotted along one edge:

A, =033 [E/ F,y (A12)6-9)

— for components derived from tubulars (with reference to Table A.12.2-1):

ﬂp =0,077E / Fyi (A.12.6110)
A is determined for component h frem Tables A.12.2-2 to A.12.2-4 as given in Formulae (A.12.6-11) to
A12.6-14):

— for rectangular rolled/or welded web or flange components supported along both edges:

A, =1,44E] Fy; (A.12.6411)

— for réctangular rolled flange or web components supported along one edge:

%, = 0.55,[E | F, (A.12.6112)

— for rectangular welded flange or web components supported along one edge:

A, =0,50,/E / Fy; (A.12.6-13)

— for components derived from tubulars (with reference to AISC (2005) and Table A.12.2-1):

A, =0,102E / F, (A12.6-14)
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The eccentricity between the elastic and plastic neutral axes, e,, for class 3 members (see A.12.4) can be calculated

as given in Formula (A.12.6-15):

A — A
e, —e| L1
=ty ),

where e is as defined in A.12.4.2.

A.12.6.2.4 Axial compressive column buckling strength

(A.12.6-15)

The
che
clas

a)

b)

Whe
sect

Fe is no axial compressive column buckling strength check because it is inherent in the combinjed strength
k for compression in A.12.6.3. However, the representative axial compressive strength’ of jall member
sifications subjected to flexural buckling should be determined as given Formulae (A.12.6-16) to (4.12.6-19):

for all grades of steel (conservative for high strength steel):

12
P, =|0,658"

Ppl for 1.< 1,5 [derived from AISC (2005); Fermula E3-2] (A.12.6-16)

P = (0, 877/ﬂuc2 ) Ppl for A.> 1,5 [derived from AISC\(2005), Formula E3-3] (A12.6-17)

alternatively, for high-strength steels (Fy > 450 MPa), the‘following may be used (see F.1):

3,22
P =|0,7625% Py foris12 (A12.6-18)
1,854
P = (0,860 8/1% )Ppl for Ad>1,2 (A12.6-19)
where, in addition to the definitions in A.12.6.2.3,
P 0,5
Ae = (P—pIJ (derived from AISC (2005), Ch. E3; see also F.1) (A.12.6-20)
E
Py is the minimum Euler buckling load for any plane of bending, a$ defined in

A.12.4.3 (including percentage of rack teeth of chords; see A.12.3.1).

n section contains un-reinforced cut-outs, the slenderness parameter, Ao should be based on the minimum

on'unless otherwise determined by analysis.

A.12.6.2.5 Bending moment strength

A.12.6.2.5.1 General

The classification of member cross-sections in A.12.2 is used to identify the potential for local buckling. The
slender section properties determined in A.12.3.4 account for the local buckling of class 4 cross-sections.

The bending moment strength of typical closed section jack-up chord members used in truss legs is not normally
limited by lateral torsional buckling. However, this should be checked as described in A.12.2.3.2.
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A.12.6.2.5.2 Class 1 plastic and class 2 compact section bending moment strength

The representative bending moment strength, My, is given by the plastic bending moment of the entire section as
given in Formula (A.12.6-21):

My, = Z,Fymin (A12.6-21)
where

My is the representative bending moment strength;

Zp 1s the fully plastic effective section modulus, determined from Formula (A.12.3-2);

Fymin |is the minimum yield strength of all components in the cross-section of a prismatic membet;,in stress

units, as defined in A.12.2.2.
NOTE Hybrid sections built up from components of different yield strengths are addressed-by)the methodqlogy
described in A.12.3.2.
A.12.6.2.5.3 Class 3 semi-compact section bending moment strength
The represdntative bending strength, My, is obtained by interpolating between the' plastic bending moment|and
the limiting puckling moment as given in Formula (A.12.6-22):
/1h - Zp
My =M, - (Mp - MR) ——r (A12.6/22)
r p h

where, in addition to the definitions in A.12.6.2.5.2

Mp is the plastic moment strength;

M, =ZJF, i, as calculated by Formula (A.12.6-21);

Mg = S¢lF, <M, (A12.4-23)

S¢ ik the elastic section modulus of a semi-compact section of a non-circular prismatic member foyf the

plane of bending underconsideration; see A.12.3.3;

h is the subscriptreferring to the component which produces the smallest value of My;

A b/t or2R/t as applicable for component h;

Ay ik @s)determined for component h from Tables A.12.2-2 to A.12.2-4, as given in Formulae (A.12.6-24) to

(A.12.6-29):

240

results in to uniform compression:

A, =117 [(E | F) (A12.6

combinations of compression and bending:

for rectangular rolled or welded flange components supported along both edges when the bending

-24)

for rectangular rolled flange or web components supported along one edge and subject to
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A, = 0,37 /(E/Fyi) (A.12.6-25)

— for rectangular welded flange or web components supported along one edge and subject to
combinations of compression and bending:

A, =0.33[(E / F,;) (A.12.6-26)

— for rectangular rolled or welded web components supported along both edges and subject to
combinations of compression and bending:

A= [4, 82.[(E / Fy,.)] /(5,12a — 1) (for a.> 0,5) (A.12.6-27)

A= [1,55 [E/ Fy,.)} a (for 0. < 0,5) (A12.6-28)

where «is a factor that varies depending on the loading, givén in Table A.12.2-4, anld equals 0,5
in bending, 1,0 in compression, and variable between these/values for combined bending and
compression.

— for components derived from circular tubes and subject to pure bending (see Table A.12.2-1):
ﬂ,p =0,103E / Fyi (A.12.6-29)

When the location of the tubular component results in combined bending and compression the
value of lp can conservatively be taken from Formula (A.12.6-10). Alternatively, the| value of Z,p

may be interpolated between the values for pure bending and pure compression.

Ar is determined for component hdtom Tables A.12.2-2 to A.12.2-4, as given in Formulae (A.12.6-30) to
(A.12.6-35):

— for rectangular rolled or welded flange components supported along both edges when|the bending
results in uniforin_ compression:

2 EAA4(E [ F,) (A.12.6-30)

— for’réctangular rolled flange or web components supported along one edge and subject to
combinations of compression and bending:

2, = 0,55 (E / F;) (A.12.6-31)

— for rectangular welded flange or web components supported along one edge and subject to
combinations of compression and bending:

A, = 0,50,/(E / F;) (A.12.6-32)

— for rectangular rolled or welded web components supported along both edges and subject to
combinations of compression and bending:
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A.12.6.2.5.4

The represg
moment in §

Mb:S

€|

where S, is
plane of ben

A.12.6.2.6

The reduceq

not meet th|
respectively

to LTB compared to the strength calculatedin'A.12.6.2.5, the reduced bending moment strength should be useg

the strength

Further gu
Specificatio

A12.6.2.7

Non-circula

A= [1, 44 (E/ Fyi)] / (0,674 n 0,327;//) (for y > ~1,0) (A12.6

(for y <~1,0) (A12.6

2, =[2.07(1-y)V () (E / Fyl.)
where ¥ is the stress ratio as shown in Table A.12.2-4.

for components derived from circular tubes and subject to pure bending (see Table A.12.2-1):

-33)

-34)

7, =022E[F,

When the location of the tubular component results in combined bending and comprgssion
value of 4, can conservatively be taken from Formula (A.12.6-14). Alternatively, the value g

may be interpolated between the values for pure bending and pure compression,

Class 4 slender-section bending moment strength

ntative bending moment strength, M;, of class 4 sections is given by the limiting flexural ben
Formula (A.12.6-36):

Fy

the reduced elastic section modulus of a slender section ef a non-circular prismatic member foy
ding under consideration, see A.12.3.4.3.

Bending moment strength affected by lateral‘torsional buckling

representative bending moment strength My, due to LTB should be calculated for all members tha

e screening checks of either Formula(Ai12.2-2) or Formula (A.12.2-3) for open and closed sect
regardless of the class of section. When the representative bending moment strength is reduced

checks.

dance on the bending ;moment strength accounting for LTB can be found in the A
(2005) and BS 5400=3:

Bending strength check

" prismatiC members subjected to bending moments, M, should satisfy Formula (A.12.6-37):

L/ Rpb

(A.12.6}

(A.12.6}

(A.12.6}

35)

the
f A,

Hing

36)

the

tdo

ons,
due
d in

ISC

37)

M,

YR,Pb

242

is M, or M,
is the representative bending moment strength, determined from A.12.6.2.5 and A.12.6.2.6;

is the partial resistance factor for bending, y g p, = 1,1.

the bending moment due to factored actions about member y- and z-axes, respectively;
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A.12.6.3 Non-circular prismatic member combined strength checks

A.12.6.3.1 General

There are two different assessment approaches for the strength of non-circular prismatic members subjected to
combined axial forces and bending moments:

a) the interaction formula approach (see A.12.6.3.2), which is applicable to all member classifications;

b) the plastic interaction surface approach (see A.12.6.3.3), which is applicable to members in class 1 and

elass2

A.12.6.3.2 Interaction formula approach

Each non-circular prismatic structural member should satisfy the following conditions invFermulae (4.12.6-38) to
(A.12.6-40) at all cross-sections along its length. When the shear due to factored actions-is greater than 60 % of
the phear strength, the bending moment strength should be reduced parabolically to:Zero when the ghear equals
the $hear strength (P, in A.12.6.3.4).

Local strength check (for all members) is as given in Formula (A.12.6-38):

1
n mn
7R’paPu 7/R,PbMuey 7R,PbMuez <10 (A.12.6-38)
Ppls Mby M,

Beam-column check (for members subject to axial compression) is as given in Formula (A.l2.6-39) or
Formula (A.12.6-40):

— |if ;/R'paPu/Pp > 0,2, then

1
p y M n M nn
Yrpafu | 8|l 7RPoMuay TReoMuaz || ) (after AISC (2005), Formula H1-1a)  |(A.12.6-39)
P, 9| My, M,
— |if yrpaPu/Pp < 0r2Fhen
1
n nn
Yrpibs YrppM Vo oM
RPau || ZRPbT uay RPb”" vaz < 1,0 (after AISC (2005), Formula H1-1b)  |(A.12.6-40)
2P M M
p by bz
L ]
where

P,  isthe applied axial force in a member due to factored actions, determined in an analysis that includes P-
A effects (see A.12.4);

P

bls is the representative local axial strength of a non-circular prismatic member where

Ppls = P, for members in tension, as defined A.12.6.2.2,
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uey

uez

uay

uaz

y

Z

7R,Pb

R, Pa

Ppis = Pp) for members in compression, as defined A.12.6.2.3;

is the representative axial strength of a non-circular prismatic member where

P10 = P, for members in compression, as defined A.12.6.2.4;

is the corrected bending moment due to factored actions about the member y-axis from A.12.4;

is the corrected bending moment due to factored actions about the member z-axis from A.12.4;

—
7o)

4 the amplified bending moment due to factored actions about the member y-axis from A.12.4;

—
7>

4 the amplified bending moment due to factored actions about the member z-axis from A.12.4

—

4 the representative bending moment strength about the member y-axis, as defined in A.12.6.2.
12.6.2.6.

=

=

‘hen the shear due to factored actions is greater than 60 % of the shear stfength, the bending mon
rength should be reduced parabolically to zero when the shear equals the shear strength (P|

12.6.3.4). For a more detailed description of the method see EN 1993-%-1, Eurocode 3;

>

—
13

4 the representative bending moment strength about the membeér z-axis, as defined in A.12.6.2.
12.6.2.6.

=

=

fhen the shear due to factored actions is greater than:60 % of the shear strength, the bending mon
rength should be reduced parabolically to zero whén the shear equals the shear strength (P
12.6.3.4). For a more detailed description of the method see EN 1993-1-1, Eurocode 3;

>

—

q the partial resistance factor for bending strength, y; p, = 1,1;

—-

q the partial resistance factor for axial strength where

pa = 7r pt fOr axial tensile strength, yg p, = 1,05 in Formulae (A.12.6-38, A.12.6-39 and A.12.6-40);

~

~

Pa = 7R pcl fOr axial conipressive strength, j p, = 1,1 in Formula (A.12.6-38);

<

Pa = /R pc for axial compressive strength, j p, = 1,1 in Formulae (A.12.6-39) and (A.12.6-40);

i the exponent for biaxial bending, a constant dependent on the member cross-section geom
determined'ds follows:

- (for purely circular tubular members 7= 2,0;

b or

hent
in

b or

hent
y in

btry,

— for solid or hollow rectangular sections 77=5/3;
— for doubly symmetric open section members 7= 1,0;

— for all geometries, a conservative value of 7= 1,0 may be used.

Annex F presents an approach to determining the value of 7 by manual calculation. The following mapping of the
variables should be applied.

a)

244

M/

uey’

M7, should be set to the applicable of M,

uey’

Mo, or M .0, M,

uay Muaz respectively, as described above.
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Mny, M, , should be set to Mby' M, respectively.

A.12.6.3.3 Interaction surface approach

In the interaction surface approach, the assessor develops a plastic strength interaction surface in terms of the
axial strength and biaxial moment strengths. The interaction surface can be based on Dyer (1992) and can be used
for the strength checks. The approach is based on axial force applied at the “centre of squash”, which is defined as
the location at which the axial force produces no moment on the fully plastic section.

IMPORTANT — The assessor should be aware that the sign of the moment is crucially important for

secwmmmmmmmm observed
with care.

NOT]
appl

Am
orig
The
acti

Ann
crog

assq

whae

I3 A common case where errors in sign can be introduced is when taking the results of a eomiputer
ying them to a series of parametric formulae that can have a different axis convention.

rasure of the interaction ratio can, then, be obtained as the ratio between the vectorlength from th
in to the member forces, and the vector length from the functional origin to the nearest point on
functional origin is the force point associated with the functional actions in the absence of en
ns.

ex F provides, by way of example, conservative interaction formulae and curves for generic famil

s-sections based on plastic strengths Py, Mpy,

ssor. This is achieved by the definitions as given in Formulae (A.12.6-41) to (A.12.6-43):
Py=PLis/VR pa strength check (for all members)

or P, = Pp/;/R’P,ﬂ1 beam-column check (for meinbers subject to axial compression)

My, =My /7R py

Myz=Mya/ VR pb

re

My, is the representative bending moment strength, as defined in A.12.6.3.2;

M,, isthe representative bending moment strength, as defined in A.12.6.3.2;

P, is the‘representative axial strength of a non-circular prismatic member, as defined in A.12.
Ppls issthe representative local axial strength of a non-circular prismatic member, as defined in

analysis and

e functional
the surface.
vironmental

ies of chord

and MpZ. The reSistance factors should be introduced by the

(A.12.6-41)

(A.12.6-42)

(A.12.6-43)

6.3.2;

A.12.6.3.2;

7#pbp s the partial resistance factor for bending strength, ypp, = 1,1;

Yrpa Isthe partial resistance factor for axial strength where
YrRpa= 7 mptforaxial tensile strength, y¢ p,=1,05;
7 Rpa= Y Rrpcfor axial compressive strength, ypp.=1,1;

YRpa=YRPdl for local strength, YRPcl = 1,1.
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For the strength check, the applied member forces (P, My, M, in Annex F) should be P, Muey, M, as defined in
A12.6.3.2.

For the beam-column check, the applied member forces (P, My, M, in Annex F) should be P, Muay, M, as defined
in A.12.6.3.2.

A.12.6.3.4 Beam shear

Non-circular prismatic members subjected to beam shear forces due to factored actions should satisfy
Formulae (A.12.6-44) and (A.12.6-45):

Vo <Pt/Trpv (A12:6}44)
Ve <Pol/ 7R Py (A.12.6}45)
where

V., V. is the beam shear due to factored actions in the local y- and z-direction, respectively;

P, P, | is the representative shear strength in the local y- and z-directions, respectively, as giveph in
Formula (A.12.6-46):

P,,P,,=A

vy /N3 (A.12.6}46)

v Fymin
A is the effective shear area in the direction being considered; see Table A.12.6-2;

Yrpy | isthe partial resistance factor for torsional and beam shear strengths, y g p, = 1,1.
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Table A.12.6-2 — Effective shear area for various cross-sections

Section Effective shear area, 4,
Rolled I, H and channel sections, load parallel to web t D
Welded I sections, load parallel to web td
Rectangular hollow sections, load parallel to webs AD/(D,+B,)
Welded box sections, load parallel to web 2td
Rolled Tee-sections, load parallel to web tD,
Welded Tee-sections, load parallel to web t(D,—- T
Cirdular hollow sections 0,54
Solid bars and plates 094
Cloged sections with inclined plates 0,9 Z[cos(6;) A,;

T | is the flange thickness of a welded T-section.
t is the web thickness.

is the overall depth of cross-section.

d | is the web depth; for rolled sections measured with respect to root radij, for welded sections measured befween inside
faces of flanges.

B, | is the overall breadth of cross-section.

A | is the area of cross-section.

A,;i| is the area of rectilinear component i.

0; | is the angle between the shear force direction being considered and the larger dimension of the crops-section of

component i for 8; <45°. cos(6;) = 0 if 8; >45°

A.12.6.3.5 Torsional shear

Cloded-section non-circular prismiatic members subjected to torsional shear forces due to factored actions should
sati$fy Formula (A.12.6-47):

T, < Tvp/yR,Pv (A.12.6-47)
whdre

T, is the torsional moment due to factored actions;

Tvy is the representative torsional strength of the non-circular prismatic memher ds given in

Formula (A.12.6-48):

Typ=Lop Fymin/ (7 V3) (A.12.6-48)
Ipp is the polar moment of inertia of the non-circular prismatic member;
rt is the maximum distance from centroid to an extreme fibre;

Jrpy IS the partial resistance factor for torsional and beam shear strengths, 5 p, = 1,1.
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Open-section non-circular prismatic members subjected to torsional shear forces should be checked as
appropriate.

A.12.7 Assessment of joints

Joints should be assessed when the site conditions (metocean combinations, eccentric spudcan loading, etc.) fall
outside the limits that are normally assessed by the RCS.

The designe

r can make joint strengths available to the assessor. When the supplied axial joint strength is less than

the member strength, the supplied joint strength should be used in lieu of the member axial strength in member

1
TSt

strength chg

If it is con
accordance

idered necessary to evaluate joint strength, the resistance of tubular joints can be assessefl in
with 1SO 19902:2007, 24.9.2.2.2 and A.24.9.2.2.2 (Connections), and that of non-tubular/joint§ by

rational andlysis. The internal forces (action effects) due to factored actions should be determined,in accordance

with 8.8, rat

NOTE ]
actions. The j
can be found

A13 Ac

No guidance

her than using ISO 19902 and I1SO 19901-3.

he intent of the joint check is to ensure that the joint is strong enough to resist the internal forces due to factored
pint strength is not required to meet or exceed the full member strength. Guidance©nynon-tubular joint stregngth
n other provisions of ISO 19902 and ISO 19901-3.

reptance checks

is offered.
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Summary of partial action and partial resistance factors

Table B.1 — Summary of partial action factors

Symbol Description Factor Subdlause(s)
partial action factor applied to the inertial actions D, due to dynamic
%D . - . 1,0 8/8.1.1t08.8.1.4
, response, in combination with y
%G partial action factor applied to the fixed actions Gy 1,0 B.8.1
%v partial action factor applied to the actions due to variable load G, 1,0 B.8.1
partial action factor applied to the metocean or earthquake actions 8.8.1.1t08.8.1.4
when applied to deterministic ULS storm action E,, (used with 50 year 115 a8.1.2
independent extreme values) ’ -
when applied to the deterministic ULS storm action E, (used with 100 year 125 ds8.12
joint probability metocean data) ’ o
%E when applied to the stochastic ULS storm actions E usingfactored
) ) N 1,0 88.1.3
metocean parameters determined in accordance with’A.10.5.3.22
when applied to the inertial action induced by the ELE ground motions in
: 0,9 8.8.1.4.1
earthquake analysis
when applied to the inertial action indueed by the ALE ground motions in 10 86142
earthquake analysis ! T
NOTE Values given in this table are normative-"The reference subclauses provide the methods of application and the factors are
spedifically tied to the calculation methodologies'given in each reference subclause.
8 | The metocean partial factors used intthe'quasi-static stochastic analysis are determined through an iterative procedure. The procedure
invdlves factoring the metocean parameters (wave height, current velocity and wind) until the partial-factored quasi-static sfochastic force
matghes the action-factored quasi-statig deterministic force. The start point for the iteration can be taken as \/7f B
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Table B.2 — Summary of partial resistance factors

Symbol Partial resistance factor description Factor Subclause
JRPRE partial resistance factor for preload 1,1 A9.3.6.2
partial resistance factor for horizontal foundation capacity for effective
. 1,25 A9.3.6.2
stress (sand/drained)
TR Hfc . . _ . .
partial resistance factor for horizontal foundation capacity for total stress
. 1,56 A9.3.6.2
(clay/undrained)
YRVH partial resistance factor for vertical-horizontal foundation bearing capacity 1,1 A9.3.6.4
TRTb partial resistance factor for bending strength of a tubular member? 1,05 A12.5
artial resistance factor for axial compressive strength of a tubular
wre 1P " P 8 1,15 A125
g member
TRTt partial resistance factor for axial tensile strength of a tubular member? 1,05 A125
partial resistance factor for torsional and beam shear strengths of a tubular
RTv a 1,05 A.12.5
) member
partial resistance factor for bending strength prismatic of a non-circular
7R Pb . . a 1 A12.6
g prismatic member
partial resistance factor for axial compressive strength of a non-circular
7R ,Pc ; ; a 1,1 A.12.6
, prismatic member
partial resistance factor for local axial compressive strength of a nons<
7Rpd . . . a 1,1 A12.6
) circular prismatic member
partial resistance factor for axial tensile strength of a non-cifeular prismatic
TR ,pt a 1,05 A12.6
, member
partial resistance factor for torsional and beam sheanrstrengths of a
RPv . . . 1,1 A12.6
) non-circular prismatic member
RS partial resistance factor for spudcan strength 1,15 13.4
TRH partial resistance factor for holding system 1,15 13.5
Jrotm  |[partial resistance factor for stabilizing moment 1,05 13.8
NOTEValues given in this table are normative. The reference subclauses provide the methods of application and the factors are specififally
tied to the calqulation methodologies given in each reference subclause.
d  The struftural resistance factors(for tubular members given here and referenced in Clause 12 are based on an indepenfent
interpretation| of the theoretical valu€s.derived from the data used in the calibration of API RP 2A LRFD 1st edition to API RP 2A 15th ed|tion
and the data jused in the development of the ISO 19902 tubular members strength formulations. The values for non-tubular prisnpatic
members werp based on AISC{2005) which changed its equivalent resistance factor from 1,18 to 1,1 between the 1986 and 2005 edifions
because a reagsessment of the-applicable data resulted in an effective reduction in the coefficient of variation.
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Additional information on structural modelling and response analysis

C.1Guidance on 8.5 — Modelling the leg-to-hull connections

The

exainples of jack-ups designs in each category.

| LEG-TO-HULL CONNECTION |

potential leg-to-hull connection component arrangements are shown in Figure C.1-1, which

No Fixation System

‘ Opposed Pinions ‘ ‘ Unopposed Pinions ‘ OpposedPinionhs ‘ Unopposed Pinions |
—— —I— S — ——
Fixed Floating Fixed Floating Fixed Floating Fixed Floating
Jacking Jacking Jacking Jacking Jacking Jacking Jacking Jacking
System System System System System System System System
Examples of jack-ups in each category
FandG GustoMSC NONE NONE Baker Marine CFEM Baker Marine
-L7Bo 11 - CJ36 - Pacific 375 - 2005 - Freedom clags
-Juf2000 - CJ46 -2600 -350
- Alpha 350 - CJ50 (old) LeTourneau -300
- Super M2 -CJ54 - Workhorse Levingston -250
- Unfiversal M class -CJj62 - Tarzan -111C -200
- CJ70, -150
GustoMSC Modec
- CJp6 -300C GustoMSC
- CJ B0 (new) -400 - Gusto designp
Hitgchi LeTourneau
- Gignt elass -53
-84
Keppel FELES —82-SD-C
- KFELS Mod V -116C
- KFELS Mod VI - Super 116
- A Class - Super 116E
- B Class - Super 300
- N Class - Gorilla
LeTourneau
- Super GORILLA
- Super GORILLA XL

- Jaguar 250-C

Figure C.1-1 — Sample leg-to-hull connection component combinations
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C.2 Guidance on A.10.5.3.4 — Methods for determining the MPME

C.2.1 Guidance on the first method of Table A.10.5-1 — Fitting Weibull distributions to the
results of a number of time domain simulations to determine responses at the required
probability level and average the results

This procedure, outlined in Steps 1 to 7 below, requires several suitable length time domain simulations for each
response of interest. The input sea state simulation should be checked for Gaussianity. Guidance is given in
Table A.7.3-3. For each simulation record, the procedure for computing the MPME comprises the following steps.
The final MPME value is taken as the average over all of the simulations conducted.

252

Step 1:

The red

Ay

where

R(

Step 2:

The ind

ponse time history, R(t), is first analysed to calculate the mean, s, as given in Formula (€.2.1-1):

_ izl (c.2.

) is the time history of the response of interest;
is the time point i;

is the number of useable time points in simulation‘(discounting the run-in).

ividual response maxima in the simulations are next extracted according to the following criteria:

A maximum occurs at ¢; if Formulae (C.2.1-2)apply:

R(
Suppos
Step 3:

From ¢
where
have th
bound

1) <R(t) and R(t;,1) <R(£) (c.2.

e N, maxima are found)in the extraction.

he N ., respense maxima, the mean of the signal, 14, is subtracted and the resulting maxima
¢ varies ftem 1 to N, are ranked into 20 blocks having mid-points in ascending order. The block
e same.width; the upper bound of block 20 is taken as 1,01 times the largest value, and the Ig

bf the first block is set to zero. Any maxima with a value less than zero are discarded. The blocks

numbe

1-1)

1-2)

M,,
s all
wer

are

Fed-in ncrpndmo order from g=1 ta 20 and are defined hy their mldnmnf value M* and

the

probability of non-exceedance of that value F A distribution of the observed maxima is then found using for
each block the Gumbel plotting position in order to obtain the best possible description of the distribution for
large values of M. If the number of maxima in each block, g, is ng the cumulative probability F, qto plot against
the mid-point for block g is then as given in Formula (C.2.1-3):

0,5

(N e +1) (c.2.

max

Il
TM|
] Ma

1-3)
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where ng is equal to the number of negative maxima peaks (the number of points not fitting into the
20 blocks).

— Step 4 a):

A Weibull distribution is fitted [see Steps 4 b) to 4 d)] through the cumulative distribution of the blocks of
observed maxima as defined under Step 3 [this is done in accordance with Steps 4b) to 4 d)]. The
3-parameter Weibull cumulative distribution function is defined as given in Formula (C.2.1-4):

[ yq (C.2.1-4)

FMo 7 —1—= c)&p\—[

a

where

F(M*a, £.7) is the probability of non-exceedance of the value M* wherne

a is the scale parameter,
g is the slope parameter,
4 is the threshold parameter;

a, f,(M* —y)>0,0
— |Step 4 b):

Only data blocks with a probability of non-excéedance greater than a threshold value of 0,2 are uged to fit the
Weibull distribution, i.e. only the blocks for@hich Formula (C.2.1-5) applies:

Fy>0,2 (C.2.1-5)
Notice that My are in ascending order.

— |Step 4 ¢):

For each of these®blocks, g, the deviations, 5q, of the observed probability from the corresponding probability

of the Weibullycumulative distribution function, F, (transformed to Weibull scales) are calculated as given in
Formula (C2.1-6):

8, =In{-In[1 - F(Mg;e,87)]} - B[In(M§ - ) - In(c)] (C.2.1-6)

< — 1
— “Step %y

The parameters ¢, 4 yare now estimated by a non-linear least squares technique such that the summation as
given in Formula (C.2.1-7) is minimized:

20 )
2%
q=x

where x is the value of g for which F; > 0,2. (C.2.1-7)
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The procedure may be based on a Levenberg-Marquardt algorithm, using the parameters of a 2-parameter

Weibull distribution (found by the maximum likelihood method) as initial estimates.
— Step 5:

The MPM value, My;py, is found as the value of M for which Formula (C.2.1-8) applies:

F(M%afy) =1 - ——— (C.2.1-8)
(a2
Tcim
where
T3, is 3 hours;
T, is the simulation duration.
— Step 6:
The coresponding MPME value, Rypp is then found as given in Formula (C.2.1-9):
Ryjpme = 4R + Mypm (C.2j1-9)

MR is the mean value of R(t) established in Step 15

Myppy  is the MPME value (excluding the mean)established in Step 5.

— Step 7:
The pracedure is repeated for each required response parameter.

C.2.2 Guigdance on the second method of Table A.10.5-1: Fitting Gumbel distribution to
histogram| of absolute maximum responses from a number of time domain simulations to
determing responses at required probability level

The basic apsumption of this’method is that the absolute maximum values in three-hour simulations follg
Gumbel distribution as given in Formula (C.2.2-1):

Fap (x)] =7%xp

—exp (C.2.

K

x—zy]

W a

D-1)

where
F3,(x) s the probability that the three-hour maximum does not exceed value x;
7% is the location parameter;

K is the scale parameter.

The following steps are followed for each required response parameter:
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Step 1:

Extract absolute maximum (and minimum) value for each of at least ten three-hour response simulations.

Step 2:

Fit a Gumbel distribution through these 10 or more maxima/minima. This can be done using the maximum
likelihood method, yielding w and x Alternatively, Lu et al. (2001) have shown that the method of moments
closed form solution produces results consistent with the maximum likelihood method for values of y,
although they showed significant variation in the values of x. However, when calculating the MPME, with a

6204 nrobobaliyy of avoondancn tha affacte of (- oo h zaoro oc chaowazn 10 Cean 2 bholosa o
OS5—70 ot =4

PTroptoty O CXtC et Ce, Tt C e e S~ O p proat—ZCT OSSO vv i 11t <P DCTOVY; o

d the only

remaining influence is on the calculated value of y; as given in Formula (C.2.2-3). Therefore,\the method of
moments closed form solution normally can be used to calculate yand « as given in Formiulae ([C.2.2-2) and

(C.2.2-3):

k= (oV6)/m

w=u—-0,577x
where

4 is the mean of the maxima/minima;

o isthe standard deviation of the maxima/minima.
Step 3:

The value Ry;pyg is found as given in Formulae (C.2:2-4) and (C.2.2-5):

Rypmg =¥ — «x In {—ln [F3h(RMPME)]}
where

F3p, (Rypmg) = 0,37

(C.2.2-2)

(C.2.2-3)

(C.2.2-4)

(C.2.2-5)

The 0,37 lower quantile.is used because the extreme of recurrence of once in three hours has a pfobability of

exceedance of 0,63 (E-1"= 0,37). In this case, it can be seen that

RyvpmEg =

Step 4:

Thé.procedure of Steps 2 and 3 can similarly be applied for minima although, because of the pote;ln

tial error in

k7and because the standard deviation of the minima can be large by comparison to the mean, tHe method of

moments should not be used for calculating x and .

C.2.3 Guidance on the third method of Table A.10.5-1 — Application of Winterstein's Hermite
polynomial method to the results of time domain simulation(s)

For Gaussian processes, analytical results exist for the determination of the MPM values (e.g. MPM wave height is
1,86 times the significant wave height). For general non-linear, non-Gaussian, finite band-width processes,
approximate methods are used to generate the probability density function of the process. The method proposed
by Winterstein (1988) fits a Hermite polynomial of Gaussian processes to transform the non-linear, non-Gaussian
process into a mathematically tractable probability density function. This has been further refined by
Jensen (1991) for processes with large kurtosis.
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This procedure requires a suitable length time domain simulation for each quantity of interest. The input sea state
simulation should be checked for Gaussianity. Guidance is given in Table A.7.3-3. The calculation procedure to
determine the maximum of a time series, R(t), with a simulation duration Tsin, for a three-hour exposure, T3, is as
follows.

256

Step 1:

Calculate the mean, g the standard deviation, o, and the following quantities of the time series for the
parameter under consideration as given in Formulae (C.2.3-1) and (C.2.3-2):

oy S tR=n o (€23-1)
agf (1/n)Z[(R - )%/ o* (c.2B-2)
where

og| is the skewness;

ay| is the kurtosis.

When

Winterftein (1988) should be used.
Step 2:
Constryct a standardized response process, z= (R — y)/o*xUsing this standardized process, calculate
number of zero-upcrossings, N. In lieu of an actual cycle cgunt from the simulated time series, N=1 000
be assumed for a three-hour simulation.

Step 3:

Compute the following quantities from the characteristics of the time series for the response of intere;s
given i} Formulae (C.2.3-3) to (C.2.3-5);

h = a3/{4+2\/[1+1,5<a4 —3)” (c2.
hf = M1+1,5(a4 -3)| —1}/18 (c2.
k|- (% 2n? + 6h42)_% 2.

he kurtosis is less than 3,0, the approach given here is not Valid and the alternative give

the
may

t as

B-3)

B-4)

3-5)

It is necessary to seek a more accurate result by determining a solution for C;, C; and C; from
Formulae (C.2.3-6) to (C.2.3-8):

0303 =Cy(6C,2 +8C,% +72C,C3 + 270C52) (c.2.
ota, = 60C,% +3C,* +10 395C,% + 60C,2C,2 + 4 500C,2C5% + 630C,2C52 + ...
.+ 936C,C,2C5 +3 780C; C33 + 60C,3C; (c2.

3-6)

3-7)

3-8)
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